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Chemical
Information

SUMMARY

Starter distillate is a mixture of substances, not all

of which have been identified. No objective definition was
found in the official compendia nor in suppliers' manuals.
The following provisional definition was proposed by the
writer of this monograph and has been agreed to in writing
by three major suppliers (0320, 0328, 1335) for the

’ purposes of this monograph:

"Starter distillate is a steam distillate of
starter resulting from the culture of any or all
of five species of bacteria together with the
medium in which they are cultured, namely, milk
or fractions of milk. The five specles are

Streptococcus lactis, S. cremoris, S. diacetil-

actis, Leuconostoc citrovorum, and L. dextranicum."

(1778).
Starter distillate is used as a flavor enhancer for

cultured dairy products, but it does not enhance the
aculty of the chemical senses. Conditions of culture

~can be varied within limits so as to modify the resulting

flavor of the distillate, which is standardized by blend-
ing and by organoleptic tests; standards and conditions
vary and are proprietary to each supplier. Flavor mix~
tures simulating starter distillate (1335) are outside
the scope of this monograph.

These difficulties in defining the monograph subject
appeared to result from the h;story of starter distill-~
ate (0768), its development (1139), and early attempts
by the Food and Drug Administration (FDA) to regulate
its sale (1169,1815,2090). Diacetyl.is the main (about
907) component of starter distillate.
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Long Term
Studies

Special
Studies

Breakdown

Absoggtion

and
Distribution

None were found, either on starter distillate or on
diacetyl.

The radiomimetic effects on root-tip meristems of a
large number of compounds were tested by Loveless (1208)
and diacetyl was among the substances found to be inert.
However, another stﬁdy on root-tip meristems (0137)
indicated that diacetyl at 0.08-0.10 M/liter delayed
metaphase and increased the anaphase count in root-tip
meristems. In a study on B. megaterium, 02 increased
radiation-sensitivity, and diacetyl acted similarly with
up to 40% of the effect of 02, so long as the diacetyl
concentration was less than 6 x 10~3 M; these findings
were not explained (1985),

Mitochondrial swelling in rat liver, an early man-
ifestation of carcinogenicity of azo dyes, was inhibited
by 10~2 M diacetyl (0077,0078).

A number of pathogenic organisms have been reported as
killed or inhibited by diacetyl (1174, 1399, etc.), in-
cluding some viruses (0413,1379),

~ Both the formation and the breakdown of diacetyl in

foods have been studied and attributed to bacterial action
(0250, etc.). The major enzymatic pathways have been worked
out (0250); pyruvate is converted to acetolactate and

CO2; acetolactate is converted to AMC and CO2; AMC and
diacetyl are interconvertible, and AMC is reversibly
converted to 2,3-butanediol. Four enzymes are reported

as involved, and questions of specificity remain to be
fully determined (025Q.

No reports of detailed studies were found.

1i4
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Metabolism and

Excretion

Effects on
Enzymes and
Other Bio-
chemical

Parameters

In a study using rat liver slices and homogenates,
the slices converted diacetyl to AMC which was further
metabolized, whereas homogenates did not further metabolize
the AMC (0934). In another study, using rat liver mince,
high concentrations of AMC were metabolized to 2,3-butanediol
with very little COz formation. Three of the enzymes con-
cerned were studied intensively (0606), The metabolism of
diacetyl has also been studied in bacteria cultured so that
2,3-butanediol was the sole source of carbon in the medium
(0872).

Urinary excretion of diacetyl and AMC were studied in
rats and humans, and were increased in both species in
the presence of diabetes (0993),

In a study on the effects of spray-drying on milk-
Components, diacetyl was found to have greater affinity
for proteins than for milk sugars, attributed partly to
the conditions of the study (1672)., Diacetyl production
in cultures has been found to be inhibited by iodophor
detergents (2181), Milk from cows with hoof-and-mouth
disease contained reduced amounts of diacetyl (1566).

In flavor studies, taste panel preferences for diacetyl
or starter distillate flavor against control samples have been
inconclusive (1002,1695), Diacetyl perception thresholds
have been reported as ranging from 0.0l ppm to 0.2 ppm,
according to pH, and the authors suggested that the
presence of fat might influence the acid effect on taste
perception (0172). Although diacetyl had the lowest taste
threshold among 31 volatiles tested in another study 1874,
interactions abounded when more than one compound was
tested at a time.

iv
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Two methods of discriminant analysis have been

claimed to correlate organoleptic and gas~chromato-

r-~,;-,
)

graphic evaluations of beverages containing diacetyl (2263).
Pyruvate decarboxylase of yeast was partly inhibited

r by diacetyl in vitro (0610), and in diabetic rats and

. humans, liver xanthine oxidase activity was diminished

‘F‘ (0993).

o Drug Carotene was found to act as an antioxidant when added to

?- Interactions 'butter, and this effect was enhanced by various sub-

stances including diacetyl (1819),

;r Consumer Diacetyl occurs widely in natural and processed foods,
Exposure and no estimates were found of exposures to this source

:’" of diacetyl.

L Starter distillate and/or diacetyl are added to certain

r dairy products for flavoring, and estimates of exposure

. are tabulated in the monograph.

—N In 1968 a WHO/FAO Committee (0581) included diacetyl

! ' among compounds for which exposure recommendations could
not be made owing to lack of data.

In 1961 diacetyl was classed as GRAS ©057).

In 1967 diacetyl and starter distillate were allowed
to be added to creamed cottage cheeses (0060).

Y T

In 1973 both substances were allowed to be added as

flavoring agents to oleomargarine in amounts sufficient
for purpose (0066),

-
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CHEMICAL INFORMATION

Nomenclature
Starter Distillate
A, Common name: Starter distillate
B, Chemical name: None for the complete product, which is a mixture.
C. Trade name: Starter distillate

D. Chemical Abstracts Services Unique Registry Number: None 1listed,

Diacetzl

A. Common name: Diacetyl. Synonyms: Biacetyl, 2,3-butanedione,
butanedione, dimethyl ketone, demethyl diketone,
dimethylglyoxal, 2,3-diketobutane,

B. Chemical name: 2,3-Butanedione (8th C.I. Nomenclature)

C. Trade name: None listed.

D. Chemical Abstracts Services Unique Registry Number: 431038

Empirical formula:

Starter Distillate is a mixture, of which only the principal
component, diacetyl, is treated in this monograph.

Diacetyl: C4H602’ or CH3COCOCH3

Structural formula

R
Diacetyl: H3C—C-C--CH3
Molecular Weight:
Diacetyl: 86.09
1
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V. Specifications
A, Chemical
1. Starter Distillate

No mention was found in the official compendia (0034, 0353, 0605, 1495, 2071).

No specifications were found in the literature that could constitute an object-~
ive standard of identity for starter distillate.

One supplier (0321) defined starter distillate as "... the mixture of
flavor compounds distilled from specially cultured reconstituted skim milk.
It contains the flavor compounds which are volatile with water at 212°F (100°C).
The main component is diacetyl but starter distillate, as a whole, gives a
flavor much more pleasant than synthetic diacetyl because of the other flavor
substances produced by specific strains of bacteria used in culturing the milk."

Because starter distillate is an end-product of natural fermentation and
steam distillation, it is a mixture of volatiles, not all of which have been
identified (1191) (Table 1). Its history (see section on Description) contra-
indicated the use of subjective, e.g., organoleptic, specifications as
part of a general standard of identity; nevertheless a general standard of
identity was required for the purposes of this monograph.

Lindsay (1967) (1188) had 1listed five species of bacteria as used in
the specific culture: lactic acid producers, Streptococcus lactis and S.

cremoris; citric acid producers, Leuconostoc citrovorum and L. dextranicum;
and the aroma producer, S. diacetilactis which generates mainly diacetyl.
Informal inquiries disclosed that the currently acceptable conditions of
culture (among suppliers and their consultants, notably F,.J. Babel, Professor
of Dairy Microbiology, Purdue University) included a temperature range of

21-25°C with 21°C considered optimal for balance between lactic and citric
aclds produced and 25°C considered optimal for activity of S. diacetilactis;
a pH range of 4.1-4.8; and a duration of culture of 24-48 hours with the

optimal considered to be approximately 44 hours. The culture is then steam
distilled, and the distillate is standardized by blending; in practice the
standards are levels (a) of diacetyl and (b) of total volatile fatty acids
(VFA) based on analyzed values for acetic and propionic acids, considered
representative., The values of the standards used are proprietary and are
determined organoleptically.
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Table 1

Summary of Volatile Compounds Identified in

Butter Culture and Control Heated Milk Distillates#* (1191)
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Accordingly a proposal was circulated to suppliers of "butter flavor
intensifiers" listed in a trade list (0065) that, for the purposes of this
monographfﬁtarter distillate should be identified as -

"a stéam distillate of starter resulting from the culture of

any or all of five species of bacteria together with the medium

in which they are cultured, namely, milk or fractionq of milk.

The five specles are Streptococcus lactis, S. cremoris, S. diacet-

ilactis, Leuconostoc citrovorum, and L. dextranicum." (1778).

Three of the suppliers replied that they offered starter distillate, and
all agreed with this provisional specification as an acceptable standard of
identity (0320,0328,1335). In addition, one supplier (1335) stated that
"Also a product simply termed starter flavor ‘is developed which may be made
entirely from a blend of chemical compounds or in conjunction with a pure
starter distillate and then standardized to exact diacetyl levels. Generally
the amount of material used in flavoring food products is such as to give a
level of not more than 2 to 4 ppm diacetyl in the finished product." It was
not intended that this "starter flavor" should come within the specification
of starter distillate (1335), and it is accordingly considered to be outside
the scope of this monograph, except in regard to its diacetyl content as a

source of diacetyl (see section on Occurrence).

2. Diacetyl

Diacetyl is listed in the United States Pharmacopoiea( 2071) and Food
Chemicals Codex (0353) but not in other standard sources searched. It is
specified (0353,2071) to contain not less than 97% CH4COCOCH4, and not more

than 3 ppm arsenic as As, 40 ppm heavy metals measured as lead, or 10 ppm
actual lead as Pb (0353).

B. Food Grade

1., Starter Distillate

This is the only grade, since starter distillate has been reported only
as a Flavoring Agent (0353) for dairy products. It is often added to enhance
culture flavor in dairy products that have already been cultured with the
specified organisms (1694). However, starter distillate is not a flavor
enhancer of the type that enhances acuity of the chemical senses.
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2. Diacetyl

Food grade diacetyl (0353), also classed as a flavoring agent,
has similar specifications (those of medicinal grade diacetyl (2071),
i.e., contains not less than 97% CH4COCOCH3 and not more than 3 ppm arsenic
as As, 40 ppm heavy metals measured as Pb, or 10 ppm actual Pb.

c. 0fficial Compendia
As noted above, no mention was found for Starter Distillate, but

specifications were listed for Diacetyl per se.

VI. Description
A. Starter Distillate

The history of starter in buttermaking was summarized in 1934 by Hart
and Lepper of the Food and Drug Agency (0768) because existing FDA standards
of identity for butter were threatened with obsolescence. (Another summary
1s found on pages 326-328 of (0878). In 1933 Hammer, at the University
of Iowa, had developed a cultured starter that seemed likely to alter the
then accepted taste and analysis of butter. This development had climaxed
more than a century of research during which, first, buttermilk or naturally
soured cream had been inoculated into fresh cream about to be churned, and
second, the streptococci producing lactic and citric acids had been isolated
and cultured. Finally in 1929, in Holland, diacetyl had been identified as
the primary odorant characteristic of butter, after which Hammer's 1933 culture
had established its bacterial origin and also a production technique. Claims
had been made that butter churned from cream inoculated with such cultures
had superior keeping qualities; however, verification was needed and, for
the FDA, a control over new procedures was needed in order to protect the
jdentity and purity of butter offered for sale in interstate commerce.

One such new procedure that was being debated early in 1936 was the
addition of diacetyl or a steam distillate of Hammer's cultured starter to
butter as a flavoring agent (1169,2089,2090). This was opposed by the FDA
as "not a step in normal butter production” and as "an entering wedge toward
recognition of the use of commercial flavors...a deviation from general trade
practice" at a time when "because of almost universal butter production on

the farm, the large proportion of the population knows how butter is made"
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(1169). On this basis the FDA stated (2090) that "the addition of flavoring
materials of whatever character produces an article that is no longer butter
within the meaning of the statute" and that regulatory action would be taken
"against the flavored article wherever we find it in interstate commerce, and
without reference to whether the product i1s sold as butter or as a butter
containing artificial flavoring" as soon as means for detection had been worked
out. Similar action was taken in other countries (1700) Ritter, W., Schwelz.
Milchztg. 60: 567, 1934; no copy available).

By 1940 Hunziker (0878) was advocating Ruehe's method of adding flavors
to butter, and by 1961 the whole situation had altered. Butter had become
mainly a factory product, diacetyl and starter distillate had become "allowed
for use in margarine" (1815), and no analysis had been discovered that would
distinguish added flavors from those produced by thé permitted starter itself.
Thus in 1961 Chumlea's Laboratory, Inc. (0327) claime! that 90% of manufacturers
were using the Ruehe techniques, and in the same year Riel and Gibson (1694)
reported that keeping quality was unaffected by the added flavors and also
that a taste panel had largely approved the flavored butters although official
graders had preferred the control samples. In 1962 FEMA issued specifications
for starter distillate (0575).

In 1965 Hall and Oser (0734) listed diacetyl but not starter distillate
in the FEMA Table of GRAS substances, and Lindsay (1188) identified many of
the trace volatiles present in steam distillates of starters. In 1967 Lindsay
et al. (1192) reviewed findings to date, and Nielsen (1450) reviewed altera-
tions in butter composition that might result from carelessness with the
new techniques. The composition of cultured dairy products was again reviewed
by Lindsay in 1967 (1189) and in the same year the addition of starter distil-
late or diacetyl to creamed cottage cheese was permitted by the FDA (0060).

The present situation has been described in the section on Specifications.

B. Diacetyl

The Merck Index (1926) describes diacetyl as follows: a yellowish
green liquid, with quinone odor; the vapor having a chlorine-like odor.
Melting point -2.4°C; bailing point 88°C. Specific gravity 0.990; refractive
index 1.3933. Soluble in about 4 parts water; miscible with alcohol or ether.

Use: as carrler of aroma in butter, vinegar, coffee, and other foods.
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On the question of stability, Murdock (1392) stated that diacetyl was
elaborated by bacterial spoilage organisms and evaporated except when
headspace was restricted; thus determinations of diacetyl content of citrus
concentrates and other food products were used as a quality control tools.

Diacetyl was classed as GRAS in 1961 (0057).

VII. Analytical Methods

A, Extraction and Separation

1. Volatilization - Because diacetyl is a volatile compound, extraction
from samples 1s often carried out by steam distillation. In the method of
Prill and Hammer (1626), recoveries of diacetyl by steam distillation were
"practically quantitative" when 0.2 mg was added to 50 ml of fresh skim milk.
The basic disadvantage of steam distillation is that any air allowed to enter
will oxidize acetoin (acetylmethylcarbinol; AMC) to diacetyl.

Other workers have avoided the oxidation problem by purging the sample
with a stream of N2 or COy (0477,1511). No difference was found between the
gases (1511), although Ny was preferred because it was less expensive.

2, Salting-out chromatography. - Speckman and Collins (1914) have
separate& diacetyl, acetoin, and 2,3-butylene glycol by salting-out chrom—
atography. Columns were prepared with anion exchange resin converted to
the sulfate form (when elution salts were sulfates) or the chloride form
(when elution saltq were chlorides). The four salts tested, ammonium sulfate,
ammonium chloride, sodium sulfate, and sodium chloride were all capable of
separating diacetyl and acetoin, but only ammonium sulfate effectively
separated acetoin and 2,3-butylene glycol. The &ompounds always emerged
from the column in order of decreasing polarity: 2,3-butylene glycol, acetoin,
and diacetyl.

The method was found to be capable of separating the compounds when
25-100 ug of each was present in 1 ml of sample solution to be tested.
Absorption to the column was not a problem as recoveries of the three com
pounds in over 100 tests ranged from 95-104%.

3. Time Considerations - As noted above, satisfactory separation of
diacetyl, acetoin, and 2,3-butylene glycol were obtained by Speckman and
Collins (1914 using salting-out chromatography with two different size

colums. Using a 1.9 x 27 cm column eluted with 0.5 M ammonium sulfate at
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0.5 ml/min, diacet&l was collected between ca. 75 and 112 ml effluent, or
about 3.8 hours column time. When the column used was 3.5 x 54 cm eluted
with 0.5 M sodium sulfate at 1.5 ml/min, diacetyl was collected between
ca. 450 and 600 ml effluent, corresponding to about 6.7 hours of columm
time,

The Prill and Hammer steam distillation apparatus (1626) will extract
diacetyl from 50 to 100 g of sample in 30 minutes of distillation time.

. Drews, et al. (0477) using a gas purge of N, or CO, extracted diacetyl
from 30 g of beer in 2 hours. Pack, et al. (1511), also using N, or COy,
were able to extract diacetyl from 20 ml of Starter in 1.5 hours and, by
using a manifold, were capable of purging and analyzing twelve 20 ml samples

simultaneously.

B. Detection and Estimation

1. Voges-Proskauer Reaction - In 1946, Westerfield (175) realized
the need for a sensitive method for the detection and estimation of diacetyl
and acetoin (specifically in blood). His method is a modification of other
methods based on the observations of Voges and Proskauer that in the presence
of alkali, diacetyl will form a colored product with a guanido group. The
method is commonly referred to as that of Voges-Proskauer even though the
original Voges-Proskauer method was not quantitative.

The reagents are added to the solution containing diacetyl and acetoin
in the order of creatine (the guanido compound, first used by R.A.Q. O'Meara,
(1472) followed by fresh alpha-naphthol in sodium hydroxide (first used by

M. M, Barrit, (0136). The color is developed for 10 minutes at room temperature

and read at 540 nm for diacetyl. Maximum color for diacetyl is obtained 5-10
minutes after the alpha-naphthol addition, and fades to a 10% error in
30 minutes. Blood acetoin is determined by oxidation to diacetyl using

ferric chloride and ferric sulfate and subsequent analysis of "total" diacetyl,
Standard curves showed a linear relationshlp for diacetyl at amounts

less than 5-6 pe while the relationship departed slightly at amounts above
this.

Subjecting the blood to acid hydrolysis prior to the oxidation of acetoin
led to the production of excess diacetyl, probably from glucose. Oxidation
of acetoin also led to small amounts of extraneous diacetyl, probably arising

from pyruvate and lactate.
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Owades, et al. (1504) further modified the Voges-Proskauer Method,
which they called the VDK or vicinal diketone method.In addition to diacetyl,
the method also measures 2,3-pentanedione and 1-phenyl-1,2-propanedione.

The major deviations from the Westerfield modifications are that the alpha-
naphthol 1s prepared in isopropanol and the creatine is prepared in a
potassium hydroxide solution. Negative results were observed for:

acetone

glyoxal

acetylacetone

acetaldehyde

butyraldehyde

1,2~cyclohexanedione

methyl hydroxy butanone

Based on a study of four available methods, the above procedure was
recommended for diacetyl determinations in beer for amounts up to approx-
imately 1.5 ppm. The recommendation and study was submitted by an appointed
subcommittee to the Institute of Brewing Analysis Committee and published (0101).

Although the Voges-Proskauer reaction was almost the universal basis
for diacetyl estimation in the citrus concentrate industry through the mid-
1960's there was no standard method or procedure in use. It was this
realization which led D. I. Murdock to study the optimum conditions for
the Voges-Proskauer method of diacetyl determination in citrus Julce prodqcta
and to propose a method based on his findings (1389). The method outlined
standards for both preparation of reagents and procedure of the determination.
Murdock noted the importance of reading the color at a specific time after
adding the reagents (alpha-naphthol and creatine in KOH). He suggested that
the optical density be read 60 seconds after adding the second reagent and
further noted that the order of adding the reagents was not critical.

2, Prill and Hammer Method - Prill and Hammer (1626) presented a
method for the determination of diacetyl (in milk) which is used widely.
Diacetyl is extracted by distillation and reacted with hYdroxylamine hydro-
chloride in a solution of sodium acetate to form dimethglyoxime. The
excess hydroxylamine is removed and the solution buffered-to near neutrality
with dipotassium phosphate. The dimethylglyoxime is reacted with ammonium
hydroxide in a saturated tartrate solution, and then with ferrous sulfate.
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The red complex which is formed is probably the ammono-ferrous-dimethyl-
glyoximate (1626) with the formula (g226):

CH;—C-—C——CH,

The complex is determined colorimetrically at 530 nm.

The method as described by Prill and Hammer is able to detect a
difference between 0.001 mg and no diacetyl in 5 ml of water. The range
for determination is 0.0l to 0.5 mg diacetyl in a volume of 10 ml. The data
showed good agreement with a gravimetric method (precipitation of the
dimethylglyoximate with Ni2% in chloroform),

Glyoxal, methyl glyoxal, and acetylpropionyl all showed interfering
red colors. Pyruvie acid developed a yellow color. Acetoin does not inter-
fere, but may be measured by oxidizing it to diacetyl.

Arthur Brandon (0226) has presented an automated method for dlacetyl
determination in beer which is based on the Prill and Hammer method. The
automated procedure showed good agreement with a manual procedure, with a
reproducibility of + 0.0055 at the 0.1 Ppm level.

Pack, et al. (1511) have used the Prill and Hammer colorimetric method
for the determination of diacetyl in mixed-strain starters. Diacetyl is
purged by passing Nz (or CO0y) through a tube containing 20 nl of sample.

The volatilized diacetyl passes into a tube containing the hydroxylamine
reagent. The tube with the hydroxylamine and diacetyl (now dimethylglyoximate)
is treated with ferrous sulfate and the optical density determined at 530 nm.
By using a manifold, several samples may be purged and reacted with hydroxyla-
mine eimultaneously. The method was sensitive to 3.0 ppm diacetyl and
recovery was 92%

3. Other Colormimetric Methods - Englis, et al. (0521) have shown that
dimethylglyoxime absorbs strongly at 226 nm, and therefore diacetyl con-

verted to the dioxime can be measured directly. Good agreement was found
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between this method and the Prill and Hammer method. The method is
sensitive and may be used to measure quantities of diacetyl between
0 and 10 ppm. No interference was noted from acetoin.

Siest and Landry (1875) studied the color reaction of diacetyl
with urea (in the presence of acid and phenazone) as a method of diacetyl
estimation. Two different acld systems were examined, one using arsenic-
sulfuric acid solutlion and the other FeCl3-phosphoric acid solution.

In both systems, optical density is measured at 460 nm and both are
equally sensitive; 10 nmoles gave an OD reading of 0.07. Each system has
a unique extinction coefficient. The reaction in arsenic-sulfuric acid 1s
complete in 15 minutes, while the ferric chloride-~phosphoric acid system
requires 30 minutes. In the arsenic-sulfuric solution, acetoin was only one-

tenth as effective as diacetyl in producing the color. In the ferric chloride-

phosphoric acid solution, acetoin is oxidized to diacetyl and measured
simultaneously.

Lees and Jago (1158) found that mixing 1 ml of 1mM diacetyl with
1 ml of 6.7 nM semlcarbazide resulted in a product which had a strong
absorption maximum at 272 nm. Acetoin and acetaldehyde do not interfere,
since their semicarbazones absorb at lower wavelengths. The relationship
for diacetyl at 272 and 224 nm was linear for concentrations up to SOO,pg/ml.
The ratio of absorbance at 272 nm to absorbance at 224 nm for diacetyl was
always greater than 2, which is useful in determining the presence or absence
of acetoin and acetaldehyde.

The semicarbazone of methylglyoxal also shows an absorption maximum
at 272 nm. Glyoxal semicarbazone absorbs strongly at 281 nm.

4., Gas Chromatography - Drews et al.(0477) have presented a chroma-
tography method for separation and quantitative determination of diacetyl
and 2,3-pentanedione (in beer). The diketones are removed from the beer
by volatilization in a gas stream and are trapped in carbonyl-free 967
alcohol in an ice-bath. 1-2 ul of this solution are chromatographed. The
best separations were obtained on a glass or stainless steel column 4.2 meters
long, packed with 5% Igepal (nonylphenoxypolyethyleneoxyethanol). Copper
columns could not be used. Column temperature was 70°C and an electron '

capture detector was employed.

10
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Quantitative evaluations were made by comparing the sample peaks
to peaks obtained from a series of standards run under identical conditions.
Detector readings were linear and reproducible with maximum deviations of
+ 5%.

Scanlan and Lindsay (1784) have determined diacetyl quantitatively in
the ppb range by a gas entrainment-on column trapping procedure using gas
chromatography and an electron capture detection system. A curve was obtained
using a series of standards and was shown to be linear (based on peak height)
through 160 ppb. Milk containing as little as 2-3 ppb was successfully analyzed
by this method.

5. Polarographic Method ~ Ferren et al. (0557) have presented a
polarographic method for the determination of diacetyl which offers three
distinct advantages:

a) no involved pre-treatment of sample 1s necessary,

b) N7 blanket eliminates auto-oxidation of acetoin to diacetyl,

c) measurements are made in situ, and not on the sample distillates.

The half-wave (which was found to be pH dependent) for diacetyl is
-0.76 volts., At -1.7 volts, the second carbonyl group is reduced to a
hydroxyl group and acetoin will interfere. No interference is observed
from acetoin at -0.76 volts. Diacetyl content can be determined down to
the 3 ppm range using ordinary equipment. By adding an auxiliary micro-

extender unit, 1 ppm can be measured.

6. Micro-detection Method - Markovic( 1262 has presented a rapid and
simple method for the detection of micro-quantities of dlacetyl. The sample
containing the volatile ketone is placed in a beaker which is covered with

a specimen holder carrying a "hanging drop" of 15% aldehyde-free acetic

acid, into which a few crystals of p-nitrophenylhydrazine are dissolved. After
setting at room temperature for some time, the drop can be observed micro-
scopically for formation of the hydrazone reaction product. When sufficient
product is formed, the drop is removed and to it 1is added a drop of acetone-
water (4:1). When all the crystals are dissolved in the acetone mixture,

the excess acetone 1s evaporated, leaving the precipitated hydrazones of

the ketone being sought and the acetone. (A second evaporation may be
performed to insure the conversion of all the residual hydrazine compound to
the acetone hydrazone.) After the crystals are collected and dried, the

eutectic temperature of the mixed hydrazone is determined.

11
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Markovic has-fOund the method to be sensitive to 10 pg per ml of
water. The sensitivity was determined’for a reaction time of 10-15 minutes
and, as the author suggested, could possibly be increased by increasing the
reaction time or decreasing the size of the reagent drop.

The eutectic temperature for the mixed diacetyl-acetone hydrazones is
listed as 143°; temperatures for other mixed hydrazones are given, as well
as for ternary systems with acetone. No ternary systems involving diacetyl

are given. No mention is made of acetaldehyde or acetoin interference.

VIII. Occurrence

Starter distillate occurs only as already described (see section on
Description), as a synthetic product of microbial action. The major component
of starter distillate, diacetyl, occurs naturally in many plant and animal
sources (Table 2). 1In most cases its presence is due to microbial action
(see below) and is considered desirable or undesirable according to circum-
stances. Dilacetyl occurs naturally in angelica root oil, cheese, cocoa,
coffee, coffee extract, cooked chicken, pears, raspberries, and strawberries
(0585). It is used in the following flavors: almond, blueberry, butter,
buttermilk, butterscotch, caramel, cheese, cherry, chocolate, coffee, cream
soda, fruit, ginger-ale, liquor, nut, raspberry, rum, spice, strawberry,
vanilla, and wine (0585).

Many instances of the way that diacetyl is formed in natural or proc-
essed foods have been documented in the literature. Hammer (0741 ) showed
in 1933 that the diketone associated with butter flavor in butter cultures
was dlacetyl rather than some homolog of diacetyl.

In 1936 Virtanen and Tarnan (2126) found that diacetyl was formed in
butter only in the presence of oxygen, and they recommended maximal aeration
during manufacture.

Michaelian and Hammer (1937) (1324 ) studied the oxidation of acetoin

to diacetyl in butter cultures using Streptococcus lactis as the inoculum,

and concluded that oxidation resulted from the citric—acid—fermenting

activity of S. lactis, and not endogenously to the culture medium.

12
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Table 2. Occurrence and Levels of Diacetyl

Source Level Reference
Animal Sources
Butter 2.83-5.04 mg/kg 1618
Butter 2.5-4.0 ppm 0878
Butter-oil 1/108-1011 0589
Butter, unsalted 0.16-1.46 ppm 0788
Butter, sweet cream 0.19-3.86 ppm 0788
Butter, sour cream 0.37-2.57 pbm 0788
Cream, raw 0.61-1.11 mg/kg 1627
Cheese, Cheddar 0.16-3.35 mg/kg 0279
Cheese, cottage 0.6-1.6 ppm 1276
Egg white pPresent 1780
Ham present 1483
Chicken, raw muscle, stored present 0676
Plant sources
Apple juice present 0833
Beer 0.13-0.25 mg/liter 2167
Beer 0.42~1.51 ppm 1614,1615
Beer 0.04-0.90 ppm 2215
Beer, wort 0.17-0.37 ppm 2215
Beer, wort, fermented 0.43-0.95 ppm 1505
Bread present 2185
Bread 0.4-10.1 ppm 1740
Broccoli, frozen 0-1.5 mg/100g 0253
Celery pPresent 0659
Chicken, cooked 191 mg/5.6 kg 1511
Cocoa beans, roasted 2.8 mole % 0115
Oat flakes, toasted present 0851
Oranges, Florida, segments, present 1973
Juice, peel juice
Orange concentrate, sterile 0 ppm 0813
with 2.7 x 106 microbe-count 14.6 ppm 0813
Orange juice, frozen conc. 0.04-0.35 ppm normal 1387
over 0.6 ppm unsanitary 1387

13
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Table 2. (Cont'd)

Pears, Bartlett, canned
Peas

Peas, fresh

Pineapple

Potato chips

Smoke, wood

Soybean oil

Strawberry essence (puree)
Tea, Ceylon

Tobacco smoke

Vinegar
Wheat, milled
Wine, Australian red

Wine, sherry

Synthetic natural sources

Amino acid & sugar mixtures
heated
Glucose, heated

Starter flavor

13a

0-6.2 mg/kg
0.29-0.61 mg/kg
4.25 mg/kg
present

present

present

present
0.51-1.88 ppm
2-22 pg/100g
157.3 mg/kg

pPresent

present

0.1-7.5 ppm (av. 2.4 ppm)
1.8-160 ppm

present
pPresent

2-4 ppm

1215
1652
1394
0354
0472
0459
1828
0448
2186
1800

0102
1307
1655

0372

0508
2154

1335
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McDowall (1959) (1298) studied the distribution of diacetyl and
related intermediates among milk fractions at various temperatures up to
190°F. The higher the temperature, the greater the proportion of diacetyl
(and also of acetoin) that was found in the butter fat, and the smaller
the proportions in skim—milk or lactose solutionm.

A classic method of standardizing _biacetyl content was
reported by Mather and Babel in 1959 (1276). 1In brief, diacetyl was not
increased by addition of citric acid 0.15% or S. citrovorus to cottage
cheese at 45°F, but was increased by both additions, especially if the
mixture was adjusted to pH 4.2 with citrate, at 70°F. The authors recom-
mended a working procedure to utilize these findings.

In 1962 Lightbody (1184) found that S. diacetilactis produced diacetyl
rapidly in cream at 13-18° for 16-24 hours and then reduced most of it.

Peak production was at pH 5.6 and was enhanced by addition of sodium
citrate, which did not inhibit the reduction of diacetyl.

Crowell and Guymon (1963) (©0372) studied the formation of diacetyl and
acetylmethylcarbinol during grape fermentation for sherry production. During
anaerobic fermentation 0.5-1.5 ppm diacetyl resulted from addition of grape
pulp to the mixture, and 0.5-1.0 ppm from addition of grape skins. However,
during aerobic fermentation the pulp elicited 65-94 ppm diacetyl, and the
skins 14-350 ppm diacetyl and up to 2050 ppm acetylmethylcarbinol. The
values in various sherriles were 1.8-160 ppm dlacetyl and 4.3-450 ppm
acetylmethylcarbinoli.

Holck and Fields (1965) (0833 ) reported that ethanol, acetoin, and
diacetyl in stored apple julce were valid indices of microbial quality as
of the time of manufacture. The first two remained constant, and although
the third declined with time of storage, its presence was evidence of poor
sanitation, because it was produced by yeasts.

Great variations in diacetyl production and diacetyl/acetaldehyde
ratio (considered important for flavor of dairy products) were reported
by Bottazzi and Dellaglio (1967) (0217) among many strains of lactic
streptococci tested.

In 1966 Habaj et al. (0718) reported that the diacetyl content of

starter cultures tended to rise and fall with their content of citric acid.

14
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Pack et al. (1967) (1510) found that temperature and timing both
influenced the production of diacetyl by single or mixed strains of
bacteria in lactic cultures, and the authors proposed a method for regulat-
ing and stabilizing diacetyl production by careful manipulations of the
times and temperatures of incubations.

Scanlan et al. (1968) (1785) found that a level of 5 ppb of diacetyl
in raw milk rose to 38 ppb after th milk was heated; since the latter was
far above the taste threshold,the authors suggested that diacetyl contributed
to the taste of heated milk.

Keenan et al. (1968) (1001) found that Pediococcus cerevisiae cultures

in milk could produce small amounts of diacetyl, and similar organisms
isolated from Cheddar cheeses also produced only small amounts of diacetyl.
Chuang and Collins (1968) (0326) studied the pathways by which bacteria
and yeasts produce diacetyl, and concluded that acetoin was not a precursor,
and that pyruvate was, but needed acetyl-CoA. Different species had different
1imiting or inhibiting characteristics in terms of added chemicals, and the

mechanisms were considered obscure. The authors appeared to favor the aceto-

lactate pathway, and a more recent report by others (1963) supported that.

view.

In 1969 Inoue et al. (0888) investigated the formation of diacetyl in
beer. They concluded that the precursor was not AMC but «X -acetolactate
secreted by yeast cells into fermenting wort and converted to diacetyl by

oxidative decarboxylation in the presence of sufficient redox potential,

Hargrove'ég;gl. (1969) @759 ) studied the survival of salmonellae
in 72 lots of experimentally manufactured Cheddar or Colby cheese. They
found no influence of previous pasteurization, or of salt, moisture, or
chemical additives. They found that the amount and rate of acidity, and
the amount and type of starter influenced survival, which was promoted by the

presence of large numbers of Propionibacteria and Leuconostoc (spp); however,

lactobacilli and enterococci were found to have no influence.
In 1970 Collins and Bruhn (0351) found that S. diacetilactis required

acetate as a precursor for acetyl-CoA, needed for production of both diacetyl

and ATP; acetate was produced endogenously from 73% of the pyruvate available.

15
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Garibaldi and Bayne (1970) (0616) tested 42 Salmonella spp.
for ability to produce acetoin and diacetyl, and found them all to be
abundant producers when cultured on a minimal medium containing 1% glucose.
Many reports show that the occurrence of diacetyl in orange juice
is prima facie evidence of spoilage due to microbial action (0563,1391,
1473,2216), especially by lactic acid producing bacilli (0323).

16
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BIOLOGICAL DATA

I. Acute Toxicity
A, Starter Distillate

No mention was found in the Toxic Substances List (0322) 1in

preparation for 1974, and no acute toxicity studies were found elsewhere.

B. Diacetyl

Two reports of acute toxicity studies were found:

In the first study (0942) groups of young Osborne-Mendel rats evenly
divided for sex were fasted for approximately 18 hours with water availlable
at all times. Doses of diacetyl were intubated without dilution, and the
animals were then fed immediately. They were watched closely until they
either died or recovered normal health and weight gain; the usual period
was two weeks. LD5o's and slope functions, 957 confidence limits for each,

and clinical data were reported.

Table 3. Acute Toxicity Table

95%
Dose Confidence Slope Pre-
Ref. Animals mg/kg Range Function Route Dilution treatment
0942 Rats " 1580 1310-1920 1-5(1.2-1.9) tube nil 18 hr fast
0942 Guinea pigs 990 728-1350 2-4(1.2-4.6) tube nil 18 hr fast
0349  Male Rats 3400 3180-3640 tube 202 18 hr fast
0349 Fem. Rats 3000 2420-3720 tube 202 18 hr fast
0349 Male Rats 400 340-480 i.p. 202 18 hr fast
0349 Fem. Rats 640 570~720 i.p. 202 18 hr fast

Deaths occurred between a few minutes and two hours after the dose, preceded
by depression,and then convulsions 10-15 minutes after the dose. In guinea
pigs grouped and treated similarly,death (a few minutes to 4 days later) was
preceded by ataxia, gasping, and coma.

17
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The second study (0349) involved both acute and short-term observations
in both sexes of SPF-derived CFE rats. The acute studies were designed
similarly to the foregoing (0942) except that the doses were intubated as
20% solutions in water and some groups were treated intraperitoneally (i.p;).
(Table 3).

The authors (0349), commenting on their higher LD5n findings, noted
that their doses were diluted whereas the previous (0942) doses were not.
However, they did not comment on the fact that they had used a different
breed of rats, nor on the sex differences in response to oral doses, that

were reversed in the responses to i.f.doses.

II. Short Term Studies

A. Starter Distillate.

No reports of short term studies were found.

B. Diacetyl

Colley et al. (0349) conducted short term studies with groups of 15 male
and 15 female SPF-derived CFE rats housed 5/cage. For 90 days each rat
received daily, by intubation, 5 ml/kg of a solution of water containing
zero, 0.2, 0.6, 1.8 or 10.8% diacetyl (0, 30, 90, or 540 mg/kg). Food and
water were given ad libitum, and in vivo studies of blood, urine, and liver
and kidney function were performed. All rats were killed and autopsied at
90 days, and laboratory studies followed.

The in vivo period of the study disclosed no significant differences
between any groups, except for slower growth and greater water consumption
in the highest dose group (540 mg/kg) especially the males.

The terminal investigations disclosed few significant inter-group
differences, relative to the number of parameters. Rats given 540 mg/kg/day
had less Hb, fewer packed cells, more reticulocytes, and more leucocytes
(mainly neutrophils) than the rest. Their organ weights relative to body
weilght increased, and in some cases increased absolutely although body
weights diminished 25%; this was especilally so with the adrenals. The gastric
squamous epithelium of these animals had sloughed, and ulcers were seen
microscopically. These, according to the authors, accounted for the blood

differences, and also for the differences of organ weights.

18



.

YTy Y T TR jj{"1

R

4-w-.-‘l

B B

Ww-...l

[Rm—

1

"lﬁjjww1 .

The non-significant differences found led the authors to state that
the no-effect level of diacetyl given orally to rats was 90 mg/kg/day.
From survey data they guessed that human intakes would approximate to
10 mg/day/person, and concluded that human maximum intakes on a body-weight
basis would be approximately 500 times less than the no-effect (90 mg/kg)
intake level for rats. The authors did not compare the intakes on a skin

surface area basis.

ITI. Long Term Studies

No reports of long term studies were found, either on starter

distillate or on diacetyl.

IV, Special Studies
A. Mutagenicity
Loveless (1951) (1208) tested the radiomimetic, specifically mutagenfh,

properties of a large number of compounds on root-tip meristems of Vicia faba,
and found only those compounds capable of reacting by a carbonium ion mechanism
to have such properties. Diacetyl was among the substances tested that were
found to be inmert.

Barthelmess and Elkabarity (1962) ©137) tested a number of substances for
influence on genetic expression, using root meristems. Diacetyl diluted to
0.08-0.10 mol/liter was found to delay metaphase and consequently to increase

the frequency of observed anaphase.

B. Teratogenicity

The final report to FDA by the Food and Drug Laboratories Inc. (0583)
in August 1973 concluded that administration of up to 1600 mg/kg BW of starter
distillate to pregnant mice and rats for ten consecutive days, to pregnant
hamsters for five consecutive days, and to pregnant rabbits for 13 consecut-
ive days, had no evident effect on births or on maternal or fetal survivals.
The report also stated that the number of abnormalities of soft or skeletal

tissués did not differ from the number occurring spontaneously in controls.

C. Effects on radiation sensitivity
Tallentire et al. (1968) (1985) studied the effects of diacetyl on the

gsensitivity of spores of the anerobic Bacillus megaterium to X-rays. The

basis of the study was the high affinity of diacetyl for free electroms,

19



S |

Y ,mj"”ﬁ

1 71y 7Yy 7T T YT "3 1 Y T T Y T

Prm—

M

P N—

by which it stabilizes electrons produced by high-energy radiations in
aqueous solutions. The authors found that diacetyl increased radiation-
sensitivity of the spores in the absence of oxygen as concentration increased

up to 4 x 10-3 M and the sensitivity increase was 40% of the full increase

produced by oxygen (the mechanism of the oxygen effect was stated as "unknown'").

However, diacetyl did not increase radiation sensitivity in the presence of
oxygen, and the authors inferred that the oxygen effect probably included

a mechaniem similar to that of dlacetyl (e.g. electron stabilization). Diacetyl

above 6 x 10-3Mbecame less effective and at 6 x 10~2M failed to sensitize

the spores to radiation. The authors offered no explanation for this.

D. Carcinogenicity

In 1959 Arcos et al. (0077 ) studied rat-liver mitochondrial swelling
as an early manifestation of the carcinogenic activity of aminoazo dyes and
found that the swelling was inhibited by 10~2M diacetyl or alloxan but not
by other carbonyl compounds lacking a vicinal pair of carbonyl groups. The
same authors in a 1960 report (0078) discussing mainly the same data but
extended to microsomal swelling, concluded that these were generalized
effects on membranes in which permeability could be influenced by sulfhydryl
groups and by diketones.

E. Effects on microorganisms
In 1936 Levy—Bruhl and Cado (1174) found that Staphylococcus aureus
was killed by 0.1% diacetyl but not by 0.04%, and that Streptococcus,

Pneumococcus, Gonococcus, typhoid, paratyphoid, and coliform species of

bacilli were killed by 0.04% diacetyl but not by 0.02%.

In 1951 Schales (1788) found that diacetyl and glyoxal were the most
effective among 32 diketones and 4 related compounds tested for activity
against Micrococcus pyogenes var. aureus (ATCC 6538), Escherichia coli
(ATCC 9637) and Streptococcus Lancefield H69-D5.

In 1954 Myrvik and Volk (1399) tested the activity of seven reductogenic
compounds against tubercle bacilli using culture and incubation techniques,

and found that diacetyl was considerably the most potent, by factors rang-
ing from 10 to nearly 100. The spectra of activity were similar for all
seven, and the authors concluded that the presence of, or the capability

to form, diketones was the basis of the activity.
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DeBock et al. (1957) (0413) tested the antiviral activity of 34 dicarbonyl
and related compounds using hemagglutination techniques, and found that
compound no. 12, diacetyl, had moderate antiviral activity.

Hedgecock and Cohn (1959) (0787) found that diacetyl at 0.2-1.6 mg/ml
prevented growth of a variety of organisms, and was lethal to a strain of
Escherichia coli at concentrations as low as 0.129 mg/ml. The authors found
that diacet}l was metabolized and utilized by this strain of E. coli, and

hypothesized that utilization must interfere with some other essential
metabolic process.

Sprgasig and Micke (1963) (1917) found that diacetyl was strongly active
against influenza virus strain FM1l by standard hemagglutination procedures.

The same authors in 1967 reported chemical studies and tests in mice that
supported thelr earlier data (1379).

21
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BIOCHEMICAL ASPECTS

I. Breakdown
In 1943 Elliker and Horrall (0513) reported that Pseudomonas
putrefaciens-destroyed more than half the diacetyl in butter stored for

7 days at 21°C, when sterile butter maintained its dicetyl content. Butter
prepared with starter was found to remain relatively stable with little
diacetyl destruction.

In 1946 Suomalainen and Jannes (1960) reported that diacetyl could be
an intermediate in the formation of aroma substances from pyruvic acid.

In 1949 in anearly report, Calbert and Price (0278) found that diacetyl
was produced in Cheddar cheese at most stages of manufacture, and was in-
creased by agitation or increased acldity; they concluded that the process
of diacetyl production was similar to that in starter cultures. When
decreases were noted, the authors considered them probably due to volatil-
ization and by reduction to acetylmethylcarbinol and 2,3-butylene glycol.

Strecker and Harary (1954) (1955) partly purified the enzyme butylene-
glycol dehydrogenase which catalyzes the reversible oxidation of butyleneglycol
to acetoin, and the enzyme diacetyl reductase which catalyzes the reduction

of diacetyl to acetoin. Both of these enzymes had been isolated from

Aerobacter aerogenes and Staphylococcus aureus. The enzyme for reversible

oxidation was inactive in the forward direction with the following sub-

strates: ethanol, isopropanol, isoamyl alcohol, isobutanol, ethyleneglycol,
glycerol, glucose, malic or tartaric acids. Its equilibrium constant (K)
was determined in a number of experiments and was found to average 2.74 x 10~10
M/liters.

Juni and Heym (1956) (0971) analyzed cell-free extracts from bacteria
grown in a medium supplying carbon and energy only from diacetyl and acetyl-
methylcarbinol (AMC). They found and purified an enzyme semispecific for
conversion of diacetyl to diacetylmethylcarbinol and acetic acid. The enzyme
reacted other << diketones but not pyruvic acid.

In 1956 Petkevich (1566) reported a "drastic" reduction in the diacetyl

and AMC content of milk from cows with hoof-and-mouth diseases; however, the

quality of the butter remained high.
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In 1957 Wales and Harmon (2146) inoculated 30 samples of fresh creamed
cottage cheese with one or another of 12 bacteria, yeasts or molds known
to cause spoilage. They analyzed for diacetyl and acetylmethylcarbinol
and tested the samples for subjective quality. The diacetyl content of these
samples was not found to be related to subjective quality, nor were diacetyl
and acetylmethylcarbinol contents related to pH of the inoculated samples.

In 1958 Burger et al. (0262) reported that yeast present in beer removed
diacetyl in the presence of other fermentable matter if the yeast was prevented
from flocculating, if there was enough yeast, and without undesirable autolysis
of the yeast if the beer was stored at 32°F under carbonation.

In 1963 Seitz et al. (1832) studied the distribution of diacetyl reductase

activity among species and strains of bacteria. Strains of Streptococcus

diacetilactis were the most active; strains of § lactis, S. cremoris, and

Leuconostoc cltrovorum were less active; most but not all strains of

Escherichia coli, Alcaligenes spp., Pseudomonas spp., coliforms, and Aerobacter

aerogenes were more active. These results were interpreted in terms of the
need both to avold specific contaminations of foods, and to remove diacetyl
from beverages.

In 1964 Lindsay et al. (1193) studied earlier findings that had suggested
2,4-dinitrophenylhydrazine as a metabolite of diacetyl, acetolactate, and acetoin
(acetylmethylcarbinol). Further in vitro studies showed that this metabolite
should be correctly identified as 2,4-dinitroaniline, which also had been ident-
ified in samples of.autoxidizing fat.

In 1966 Lacrosse (1125) found that concentrations of approximately 1 ppm
diacetyl in butter were decreased in storage when the butter was also con-

taminated with yeast cells; the additional presence of Klebsiella aerogenes

did not increase the rate of diacetyl breakdown.
In 1968 Pack et al. (1509) studied the formation and breakdown of diacetyl

by Streptococcus diacetilactis alone and in company with S. cremoris and

Leuconostoc citrovorum, They found that treatment of the cultures with Hp02

and catalase increased the production of diacetyl and inhibited its breakdown,

but were unable to select which of several possible mechanisms was involved.
In 1968 Keenan and Lindsay ( 1000) studied the production and utilization

of diacetyl by Lactobacillus casei, brevis, and plantarum cultured in milk

or fractions of milk, They found that both L. brevis and L. lactis utilized
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diacetyl, and that L. plantarum produced it. Specles that utilized diacetyl
possessed NADH-dependent dlacetyl reductase activity, and those that did not
utilize diacetyl lacked this enzyme activity. The authors concluded that

Lactobacillus spp. contributed to both formation and breakdown of diacetyl

in Cheddar cheese during curing.
In 1970 Thompson et al. (2023) studied the use of NADH-dependent diacetyl

reductase, part-purified from Aerobacter aerogenes, to remove diacetyl from

beer. The enzyme activity deteriorated at the natural pH (4.1) of beer unless
protected in 10% gelatin; yeast cells included in the gelatin regenerated the
NADH. This combination, at 0.5 ppm in beer at 5°C, reduced the diacetyl level
to under 0.12 ppm in 48 hours. It also reduced the diacetyl level in orange
juice at pH 3.8 to about 0.2 ppm. It was thought to have reduced the diacetyl
levels in high-proof distillers' products, but the analyses were ineffective,
and the authors commented on the need for further research.

In 1970 Tolls et al. (2030) studied the enzymatic removal of diacetyl
from beer. They found that ethanol at levels similar to those of beer in-
hibited diacetyl reductase activity; but other NADH-dependent enzyme activities,

cells of Streptococcus diacetilactis, Aerobacter aerogenes, and crude extracts

of enzyme thought to contain diacetyl reductase, removed the diacetyl at varying
rates. The crude enzyme extracts were found by electrophoresis to contain
at least three NADH-dependent enzymes.

In 1970 Brenner (0228) reported evidence that NADH-dependent yeast alcohol
dehydrogenase reduced acetaldehyde to alcohol and, at the same time, reduced
diacetyl to acetoin and 2,3-butanediol. The latter reaction was about 7000

times slower than the former, and was temperature-dependent; thus the authors

_concluded that it could be used to advantage in brewing, by suitable man-

ipulation of the conditions of the process.
In 1971 Bryn et al. (0250) studied the enzyme systems catalyzing the
formation and breakdown of the intermediate metabolite acetylmethylcarbinol

(acetoin), starting with the reactions shown in the flow diagram illustrated.

Diacetyl ———(il——-ﬁ.cetoin‘ —>2, 3-butanediol
3)
COy o (2)
Pyruvate z -» Acetolactate
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Enzymes were identified as follows: (1) pH 6 acetolactate-forming enzyme;
(2) acetolactate decarboxylase; (3) butyleneglycol dehydrogenase, and

(4) diacetyl reductase. The authors provided evidence that (3) and (&)
were the same enzyme, which represented 0.8% of the total protein (after
124-fold purification) in A. aerogenes. This enzyme system represented about
2,3% of the total protein after induction either by diacetyl or by acetic
acid. The authors suggested that enzyme (3) (4) should be named diacetyl
(acetoin) reductase. The authors described reaction (3) as reversible, but
it is a matter of opinion whether or not the evidence is satisfactory that

both directions of this reaction are catalyzed by one and the same enzyme.

II, Absorption and distribution
No studies on the absorption and distribution of starter distillate

or diacetyl were found.

I1I. Metabolism and excretion

Four in vitro studies on metabolism were found, but no studies on

excretion,

In 1954 J;rnefelt (0934) investigated the metabolism of diacetyl by
rat liver slices and homogenates under aerobic conditions,using a method for
determining the amounts of diacetyl and acetylmethylcarbinol (acetoin) in
the same sample. He found that homogenates converted part of the diacetyl to
acetoin but did notAmetabolize the acetoin. On the other hand,the slices
converted all of the diacetyl to acetoin and further metabolized the acetoin.
The difference between homogenates and slices is that in the former the cells
are broken, and in the latter they are mostly intact.

In 1962 Hullins and Hassall (0872) used Pseudomonas spp. to study the
operation of the glyoxylate cycle by which butane-2,3-diol was used when it
was the sole source of carbon for growth., Extracts of cells grown on butane-2,
3-diol medium catalyzed the conversion of diacetyl to 3-hydroxy-3-methyl-
pentane-2,4~dione. Isocitratase activity was as great as when acetate was the
growth substrate and 20-fold greater than when succinate was used. In the
presence of acetate, diacetyl, 2-hydroxybutan-3-one, and cofactors, the cells
transferred labeled carbon from glyoxylate to malate, which showed that the

cycle was operating.
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Gabriel et al, ( 1971) (0606) used a "rat liver mince" to verify
in memmallian systems the enzyme pathways for interconversion of diacetyl,
acetoin, and 2,3-butanediol that have been outlined in the previoﬁs Section
for bacteria. They incubated 1000-fold physiological concentrations of
acetoin which disappeared coincident with formation of 2,3-butanediol but
with very little elaboration of CO,. They isolated two enzymes: acetoin
dehydrogenase (EC 1.1.1.5) and 2,3-butanediol dehydrogenase (EC 1.1.1.4)
that were NADY - or NADP+Ldependent and differed from alcohol dehydrogenase.
The activity of EC 1.1.1.4 diminished on dialysis against EDTA and was
restored by addition of Co++, Cu++, Zzntt and other divalent metal ioms.
Chromatography and electrophoresis showed rat liver diacetyl reductase to
consist of multiple proteins,

Another pathway for diacetyl metabolism was reported in 1956 by
Shinagawa et al. (1867). Citrate was formed from diacetyl and oxaloacetate
in the presence of 2P-thiamine and acetyl-CoA, with negligible 02 consumption
and unaffected by malonate, NAD, or ATP.

IV. Effects on Enzymes and Other Biochemical Parameters

A. TFlavor studies

Petkevich (1566) reported in 1956 that during an outbreak of hoof-and-
mouth disease,milk ylelds fell, butterfat percentages rose, and diacetyl and
AMC production in the milk were "drastically reduced". Both butter and
skim-milk products were of high quality.

Reineccius and Coulter (1960) (1672) investigated the effects of spray-
drying on the flavor of milk components, by adding measured amounts of
diacetyl, acetoin, or acetone before drying, and measuring the amounts
remaining afterwards. Diacetyl appeared to have a greater affinity for milk
proteins than for milk sugars, partly explained by different effects of the
proteins and sugars on vapor pressure through the spray nozzle.

Riel and Gibson (1961) (1695) studied the effect of starter distillate
additions to Canadian butter on flavor and keeping quality. The flavor

panel was divided on preference for butter, flavored either with distillate
or with diacetyl, as against control samples. The official graders preferred
the control samples. Preference for diacetyl diminished with increasing
concentration, with 0.5 oz of distillate/100 1lb butter preferred over 02.5
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or 1.0 0z/100 1bs,- In flavored butters acetoin was present at 0,11-0.27 ppm
and diacetyl at 0.24~0.64 ppm. These levels did not change after storage for
1 year at -10°F, nor did peroxide values.

The perception of diacetyl in dairy products was studied by Bennett et al.
in 1965 (0172), 1In skim milk or cream at normal pH the threshold was 0.0l ppm,
at pH 4.4 it was 0.05 ppm, and at pH 5.0 it was 0.2 ppm. The threshold was
lowered by formic or  acetic acids or by acetaldehyde, but not by propionic
acid in sour cream, and the authors suggested that the fat content of cream
might suppress the acid effect.

In 1967 Whelton and Foley (2181) found that diacetyl production in lactic
cultures was inhibited by residues of iodophor detergents used for washing
dairy equipment. Part-inhibition was found when 20 ppm of iodine was present
in milk, and complete inhibition with 60-80 ppm.

In 1968 Keenan et al. (1002) judged flavor and analyzed for acetaldehyde,
diacetyl and microbial contents of buttermilk from ten regional dairies. In
8 samples, the diacetyl/acetaldehyde ratio ranged from 8.6/1 to 33.6/1, far
above the 4/1 balance reported to be required for good flavor. In one sample
neither substance was present and in one sample the ratio was 1.1/1. The
microbial quality was uniformly good, but the flavor score varied from 34-39,
Judges agreed that "most of the samples lacked a well-balanced culture flavor."

In 1969 Siek et al. (1874) sought the taste thresholds for 31 volatiles
of butter and found that the lowest was that of diacetyl, at 0.055 ppm. There
was much synergism among methylketones and free fatty acids, little among
aldehydes, and none among lactones. Compounds with taste thresholds below
their reported concentrations in butter would, according to the authors, be
those responsible for sweet cream butter flavor.

In 1970 Young et al. (2263) reported two methods of discriminant
analysis, procedures designed to compare organoleptic evaluation of diacetyl-
containing beverages with gas-chromatographic evaluations so as to test for
correlations. See the original paper for details.

B. Enzyme studies

In 1961 Gale (0610) studied the inhibition in vitro of yeast pyruvic
decarboxylase by pyruvate analogs, and found, among other things, that
diacetyl progressively inhibited the enzyme with time.
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In 1961 Katsumata and Niki (0993) found, in diabetic rats and humans,
that the urinary excretion of diacetyl and AMC was increased and the liver

xanthine oxidase activity was diminished.

V. Drug Interactions

No mention of starter distillate or diacetyl was found in the compendium,
Drug Interactions (2070). One report was found elsewhere that could possibly
be classed as a drug interaction.

Schuller (1957) (1819) reported that autoxidation of butter was delayed
by the addition of 8 or 16 ppm of ~carotene, and that this effect was
enhanced by various substances including diacetyl. He found that diacetyl
at 1 mg/kg of butter enhanced the inhibitory activity of the carotene for
3 days of storage at 14°, after which the carotene again promoted autoxidation.
However, the carotene itself was decomposed considerably during the 3 days,
and autoxidation of the butter was found to retard the rate of decomposition
of the carotene. Although butter would normally contain both carotene and
diacetyl, in these studies additional amounts of both compounds were added
in vitro. The relevance is to the stability of butter enriched with vitmain
or provitamin A, or flavored with diacetyl.

VI. Consumer Exposure Information

Diacetyl occurs widely in natural and processed foods (see page 12 )
largely as a byproduct of microbial metabolism, and no estimates were found
of the quantities of exposure to these sources of diacetyl.

Estimates of exposure to diacetyl and to starter distillate added to
foods were found in the NAS NRC Comprehensive GRAS Survey (0584) and are shown
in Tables 4 through 7. The total 1970 poundate of starter distillate as
reported to the National Academy of Science by 6 reporting firms was 1,014,958
pounds (0584, table 11C). The 1970 poundage reported for buffer starter
distillate was 26,428 pounds (0584, table 11C).

Another estimate of exposure to diacetyl (0585) is shown in Table 8,
but no other estimate of exposure to starter distillate was found. However,

an estimate of overall consumption of butter and cheese is given in Table 9.
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A number of studies have been conducted on consumer preferences.
According to Lindsay et al. in 1967 (1192),the flavor of cultured cream
butter was rated highest in samples that contained diacetyl at less than
2,14 ppn or between 2,32 and 2.84 ppm. In another test the same panel also
tasted sour cream, cottage cheese, and buttermilks with high or low diacetyl
contents. As between high-quality natural products and synthetically flavored
products they expressed no clear preference, and among the synthetics they
expressed no clear preference between high and low levels of added diacetyl.

The authors (1192) concluded from these findings and others reported
by Hempenius et al. in 1965 (0794), that consumers did not detect differences
of diacetyl content in creamed cottage cheeses of less than 1.4 ppm, and that
large variations did not affect consumer preferences. However, Hempenius et al.
(0794) had actually concluded that consumers preferred high~diacetyl cottage
cheeses, except for those consumers who disliked all creamed cottage cheeses
and who expressed a '"slight" preference for low-diacetyl samples.

In 1968 a WHO/FAO Committee (0581) listed diacetyl among compounds for
which exposure recommendations could not be made owing to lack of data. They
stated that monographs would not be published on these compounds but tentative
specifications were available on request. They added that no distinction
should be drawn between natural and exactly simllar synthetic substances, and
recommended that in»this case, in the absence of specific information, note
should be taken if intakes totaled more than 3,65 mg/year or levels in food
exceeded 10 mg/kg.

Diacetyl was classed as GRAS in 1961 (0057 ) and, together with starter
distillate, was allowed to be added to creamed cottage cheese in 1967 (0060).

In 1973 the only other regulation found that pertained to starter
distillate and diacetyl (0066) described them as flavoring agents and permitted

their addition to oleomargarine in amounts "sufficient for purpose."”
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Table 4. Usage Levels Reported for Starter Distillate (0584, table 2)

No firms Usual use Maximum Use

Substance ‘ Food Category Reporting WID Mean,Z WD Mean, %
Starter Distillate 04 Fats 0ils(R) * .07015 . 30000
NAS 0326 05 Milk Prods (R) * .00930 .00930
28 Lmit Dairy (R) % .00653 .01694

Table 5. Usage levels reported for FEMA questionnaire substances not in NAS
Appendix A (Group III) - regular foods only (0584, table &)

No firms Usual use Maximum use
Substance Food Category Reporting WID Mean,ppm WID Mean,ppm
Buffer Starter
Distillate 01 Baked goods 12 302.535 693.902
FEMA 21730 04 Fats oils * 1118,182  1159.091
07 Frozen dairy 6 445,853 590.560
16 Soft candy 10 338.539 700.422
20 Gelatin pud * 78.609 96.887
23 Bev type I 4 2.890 6.979
28 Limit dairy * 0.30 0.80
31 Chewing gum * 28.50 28.50
Diacetyl 01 Baked goods 32 28.169 49,941
FEMA 23708 04 Fats oils 8 6.014 62.175
05 Milk prods * 4,70 7.00
06 Cheese * . 3.679 7.954
07 Frozen dairy 22 11.172 35.081
10 Meat prods * 27.809 27.809
16 Soft candy 26 17.125 47.318
20 Gelatin pud 15 13,451 26.580
22 Snack foods * 0.381 0.762
23 Bev type I 24 ©10.351  21.434
24 Bev type I1I * 6.325 15.275
27 Gravies * 7.190 25.041
28 Limit dairy * 10.50 25.50
30 Hard candy 15 10.65 30.08
31 Chewing gum 5 0.69 9.2
49 Misc unclas * 22.4 904.9
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Table 7. Possible daily intakes of Diacetyl (0584, table 13B)

Average Intakes High Intakes#*

No. Age Age Age Age Age Age Age Age

Food Firms 0-5 6-11 12-23 2-65+ 0-5 6-11 12-23 2-65+
Category Reporting Mos. Mos. Mos. Yrs. Mos. Mos. Mos. Yrs.
Baked goods 32 0.10 0.72 1.54 3.86 A) 0.13 1.46 2.53 5.74
B) 0.17 1.27 2.72 6.85
Fats oills 8 0.003 0.02 0.04 0.11 A)0.003 0.05 0.07 0.19
B) 0.03 0.17 0.39 1.09
Milk prods * 0.03 0.29 0.26 0.19 A) 0.02 1.41 0.82 0.57
B) 0.04 0.44 0.38 0.28
Cheese * — 0.01 0.03 0.03 A) .0004 0.04 0.08 0.09
B) -~ 0.02 0.06 0.07
Frozen dairy 22 0.01 0.11 0.16 0.29 A) 0.05 0.29 0.38 0.69
B) 0.04 0.33 0.51 0.90
Meat prods * 0.03 0.58 0.84 2,18 A) 0.08 1.55 1.44 3.62
B) 0.03 0.58 0.84 2.18
Soft candy 26 0.003 0.04 0.06 0.10 A) 0.03 0.12 0.16 0.30
B) 0.01 0.10 0.15 0.25
Gelatin pud , 15 0.03 0.17 0.19 0.27 A) 0.04 0.52 0.45 0.71
B) 0.05 0.34 0.37 0.54
Snack foods * - .0002 .0004 . 0005 A).0003 .0004 0.001 0.001
B) -- .0003 .0008 0.001
Bev type I 24 0.02 0.23 0.56 1.08 A) 0.04 0.80 1.08 2.87
B) 0.05 0.49 1.16 2,23
Bev type II * - - - 0.21 A) -- .0006 0.001 0.60
B) -- - - 0.50
Gravies : * .0007 0.01 0.03 0.06 A)0.002 0.03 0.07 0.15

B)0.003 0.04 0.09 0.21
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Tabel 7 (Cont'd)
Average Intakes High Intakes#*
No. Age Age Age Age Age Age Age Age
Firms 0-5 6-11 12-23 2-65+ 0-5 6-11 12-23 2-65t+
Category Reporting Mos. Mos. Mos. Yrs. Mos. Mos. Mos., Yrs.
Limit dairy * - 0.01 0.01 0.01 A) - 0.02 0.04 0.02
B) -~ 0.04 0.02 0.03
Hard candy 15 - 0.001 0.003 0.006 4) - 0.003 0.01 0.02
B) -- 0.003 0.01 0.02
Chewing gum 5 - .00007 .00007 .0001 A) -- . 00007 ,00002 .00003
B) ~-- 0.001 .0009 0.002
All 69 0,22 2,19 3.70 8.39 A) 0.39 6.30 7.74 15.56
B) 0.42 3.81 6.70 15.14
*
See . explanatory notes for definition of HIGH A and HIGH B
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Food Processing (0585)

Table 8. Contents of diacetyl in foods listed in Chemicals Used in

Foods in which used

I S,

Approximate Average

Maximal ppm
- Beverages 2.5
i . Candy 21
Gelatin desserts 19
{7 Shortenings | 11
Ice cream, ices 5.9
Baked goods 44
Chewing gum 35

D SRR |

-y

in millions of pounds*

Table 9. United States balance-sheet of butter and cheese 1968 and 1970

1968 1970
Total Total Total Total
Butter Cheese Butter Cheese
Production 1514%* 1938 1474%% 2204
Imports 0.739 170 0.748 16l
Sum 1515 2108 1475 2365
Exports 1.55 6.543 0.315 6.734
Exposure 1513 2101 1474 2358

*

YT )””f'] X Y 1 7Y T 1M

* Data from Agricultural Statistics 1972 (2069). The exposure calculations
to the nearest 1 million pounds were made for the purposes of this monograph

* Factory produced butter totaled 1501 1bs (1968) and 1465 1bs (1970).
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Iot. Dairy Congr. froc., 16th, Copenhagen

19€2 (Sect. B):297-304

49181
42 Mnantharamiah, S.N., H. Laxminarayana, and K.K.
Iya. 1955
Production cf diacetyl by Streptoccccus
citrophilus-209
Indian J. Dairy Sci. B(4):146-157

42236
43 andersen, %rik. 1956
Volatile acids in molasses
Int. Sugar J. ©8:133-134

50656
44 Andersen, Viggo Brandstrup. 1959
Diacetyl- und acetointildung durch einige
saureweckerorganissen
Milchwissenschaft 14:429-432

50646
45 Anderson, Clayten and Co., Houstcn. 1960
ATcmenpraparat
U.S. Fat. 2,928,746 issued Mar. 15, 1560C

52112
46 Anderson, D.M.W., and J.F. Stoddart. 1965
Infrared method for the determinaticn of small
amounts of acetaldehyde in aqueous sclution
Proc. SAC (Scc. Anal. Chem.) Conf. Ncttinghanm,
Engl. 1965:232-238, discuss. 238-239

52614
47 Anderson, I., and H. Leesment. 1969
Suitability of UHT milk for growing starter
cultures
Sven. Mejeritidn. 61(21):4900, 402, 404-405

48705
48 Andersson, Jonas, and Erik von Sydow. 1966
Aroma of black currants. II. Lower bciling
corpounds
Acta Chem. Scand. 20(2):522-%528

50474
49 Ando, Tadahiko, and Yonosuke Ikeda. 1951
Simple methods for the detection and
determination of tiacetyl in alcohclic drinks
Hakko Kyckai-Shi 9:286-28¢

52710
50 andre, Lucette. 1966

Caracterisation des composes carbonyles et dosage
de l'acetaldehyde dans certains vins par
chromatographie en phase gaseuse. (Identification
cf carbonyl compounds anrd deteraination of
acetaldehyde in some wines by gas chromatography)

Ano. Technol. Agr. 15(2):159-171

52006
S1 Andreev, L.V. 1966
Chromatographic separation of cartonyl c¢-3
compounds
Zavodsk. Lab. 32(9):1057-1059

42331
52 Anglin, Ccnstance, and J.H. Mahon. 1956
Chromatographic procedures for foreign fats in
dairy products. Determination cf the mole per
cent of butyric acid in fat
J. Assoc. Off. Agric. Chea. 39:365-371

50112
53 Anh, Tran Hieu. 1966
Diacetyl in brewing
Schweiz. Brau.-Rundsch. 77(7) :365-37¢

4245y
54 Annison, A.F., and C.B. Lindsay. 1962
Measurement of entry rates of propionate and of
butyrate in sheep
Eiochem. J. 85:474-479
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{-;‘ N\ 55 annison, E.F. 1963
d

The metakolism of acetic acid, prcgiomic acid and

tutyric acid in sheep
Eiochem. J. E88:248-252

& 42412
. 56 Anon. 19857
Changes in methods of analysis made at the
T seventieth annual (ACAC) meeting
r- J. Asscc. Cffic. Agric. Chem. 40:35-78
;. 50531
[ e 57 Anen. 1961
Food additives. Substances that are generally

reccgnized as safe
Fed. Fegist. 26:3591

49526
58 Ancn. 1962
Food additives. Ethyl fcrmate
Fed. Regist. 27:8308

4e14
59 anon. 1963

for paper and papertoard
Fed. Fegist. ZB:60€8

50047
e 60 Ancn. 1967
Creamed cottage cheese
Fed. Regist. 32:7263 (May 1€, 1967)
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€z58¢
61 Apncn. 1969
Cider (Fr.)

04233
62 Ancn. 1971

D B |

Technology (Ccrk, July 13 and t4,

Food additives. Resinous and polymeric coatings

Ann. Falsif. Expert. Chim. 62 (685):134-176

Abstracts of parers presented at First Annual
Research Conference on Food Science and

1971)

Irish J. Agric. Fes. Suppl. 10({3):ii-xii

52692
/'\ 63 Anon. 1971
i Official method of analysis for ethyl alcohcl
(Italian)
. Ind. Agrar. 9{1):19-32
-

52884
64 Ancn. 1971

producing cereal-tased brandy)
Alkochol-Industrie 84(21):4€2

'Y

51059
* 65 Mnon. 1973

intensifiers

B

*# 66 anon., 1973

Aprroval cf substances fcr use in the preparaticn

cf products
Ccde cf Federal Regulaticns
9 CF5:318.7, p. 41% & 41z

’ ,muene]
o0
-
-
<o
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50800
67 antener, Ilse. 1937
Parbreaktionen der Xetone und aldelky
dipitrotenzcl und ihre anwendung z
der ranzigkeit vcn fetten und clen
Mitt. Geb. lekensmittelunters. Byg.

'

49010
68 Antoni, A., and G. Celi. 1965
Composition of genuine wine vinegars

'

Koxrnkrand nach neuem verfahren. (MNew method of

List c¢f sanufacturers cf butter flavor

Sent Ly Rokert L. Sellars, Vice-Eresident, Chr.
Hansen's lakortory, Inc., Milwaukee, Wisceonsin

de mit s-
um nachueis

2€:305-307

- I

Ann. Sta. Chis.-Agric. Sper. Roma, Ser. III,

Fubbl. 232-240(240):11 pp.
50367

‘4

glycol, acetylmethylcarbincl, and
milk and cheeses
Ann. Sper. Agrar. {(Rome) 5:423-432
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69 Antoniani, C., L. Gokis, and A. Pisek. 1551
The ccntent ard the significance of butylene

kiacetyl in

50561
70 Antoniani, Claujio. 1953-1954
Chemistry of fermentations
Ann. Accad. Agric. Torino 96:51-7¢

49060
71 Antoniani, Claudio, and Sofia Gugncni. 1941
Acetylaethylcarkinol in wines
Anp. Chem. Appl. 31:417-422

42073
72 Antomnini, J., and J. adda. 1969
Estimation by thin-layer chromatography of
propionic and butyric acids in Ccate and
Emnental cheese
Ann. Technol. Agric. 18(2):139-142

49539
73 Aoki, A., and S. Aihara. 1970
Quality of soy sauce during storage in bottles
Seasoning Sci. (Chomi Kagaku) 17(6):201-214

49162
74 Arbenz, E. No date
Beitrag zur unterscheidung der essigsorten
Mitt. Lebensmittelunters. Hyg. 15:52-54

49522
75 Arbogast, Marc, Alfred Charles Maillard, and
Edmond Urion. 1965
The evolution cf volatile constituents of beer in
the course of principal fermentation and during
aging (French)
Brasserie 20 (219) :4-7

48753
7€ Archinard, P. 1940
Rapid methods for the determination of neutral
esters in fermented beverages
Ann. Fals. 33:76-85

50667
77 Arcos, J.C., G.W. Griffith, and R.W. Cunninghams.

1959

Untersuchungen uber die quellfahigkeit von
rattenleberaitochcndrien in beziehung
zur tumorbildung wahrend der verfutterung von
aminoazofarbstoffen

Experientia (Basel) 15:316-317

50975
78 Arcos, Joseph C., George W. Griffith, and Richard

W. Cunningham. 1960

Peinstruktur~anderungen in zellpartikeln wahrend
der chemischen carcinogenese. 2. Mitt. Weitere
keweise fur ihre beteiligung am mechanismus der
carcinogenese. Das anschwellen von rattenleber-—
mitochondrien vahren der futterung mit
aminoazofarben

J. Biophys. Biochea. Cytol. 7:49-60

52221
79 Arima, Kei, Genji Yamaguchi, and Gakuzo Tamura.
1967
Flavor cosponents of rice vinegar. I. NWeutral
components (Jap.}
Nippon Nogei Kagaku Kaishi 41(12) :660-666

50227
80 Aristova, V.P., G.S. Poyarkova, H.V. Makar'ina,
and 2.P. Chuzhova. 1965
Aromatic substances in butter produced by
continuous processing (Russian)
Izv. Vyssh. Uchebn. Zaved., Fishch. Tekhnol.
1965 (2) :57-60

42034
B1 Arkima, V. 1969
Die bildung der fettsauren C4-C10 im verlaufe der
biergarung und deren mengen iam fertigenm bier.
(Formation of fatty acids C4-C10 during
fermentation and amounts in finished beer)
Tagesztg. Brau. 66 (85/86):561

041072
82 arkima, ¥. 1970
Die bildung der fettsauren C4-C10 im verlaufe der
tiergarung und deren mengen im fertigen bier.
(Formation of C4-C10 fatty acids during
fermentation and amounts in finished beer)
Proc. Eur. Brew. Conv. 12:507-514
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52650
83 aArkima, V., and E. Ronkainen. 1971
Cie gasckrcmatcgraphische testimmung der
fluchtigen carbonylvertindungen in gerste und
malz. (Gas chrcmatograghic dtermination of the
volatile carbonyl compounds in larley and malt)
Monatsschr. Brau. 24(€):161-163

4z17¢
84 Arkisa, Vilbc. 1568
Cuantitative cas clrcsmatcgrarhic determinaticn cf
fatty acids with 4-10 carbonr atcms in beer
Mcpatsschr. Brav. 21(9):z47-249

. UEE1E
85 Armcur & Cc. 1957
Coated sausage
U.s. Pat. 2,811,453 issved Cct. 29, 1957

ECS3E
86 Armour & Cc., Chicagec, I1l. 1§82
Liacetyl durct carueg
A. Fat. 2,586,072 issued Feb. 15, 1952

4z231¢€
87 Armstreng, [.G., and K.l. Elaxter. 1957
Tne uwtilizaticn c¢f acetic, propicnic and butyric
acids Ly fattening skeep
Erit. J. Rutr. 11(4):413-42¢

1019
8€ Artasonov, E.A., E.I. Ferkel', and V.M.
Viktcrovskaya. 1571
Aromatizer for margarine
USSE Fat. 302,094 issued in 1971

42372
83 Arthus, Paurice. 1921
Studien uber die verdauung der milch
Arch. Intern. Physiol. 1E6:133-14¢€

42347
90 aAsabara, Teruzc, and Fumiyuki Yanase. 19%:
Antitiotic action of fatty acids and their
derivatives
Jd. Chen. Soc. Jap., Ind. Chew. Sect. 56:44Z-443

50153
91 Asac, Yasuc, and Tamctsu Yckotsuka. 1961
Flavor sukstances in scy sauce. IVIII. Isclation
cf C7H12C5 compound in soy sauce, and its
structure
Kifppon Bogei Fagaku Kaishi 3%5:831-€37

5€536
92 asac, Yasuo, and Tamotsu Yokotsuka. 1961
Untersuchungen uker arcmastcffe in scjasauce. 20.
Bitt. Alpha-Tiketone in scjasauce
J. Agric. Ckems. Scc. Jap. (Mippcn Nogei-Kagaku
Kaishi) 35:1211-1218

50535
93 Asao, Yasuo, and Tamctsu Yckctsuka. 1963
Arcmastoffe in scjasavce. Z3. Mitt., Alpha-
Liketonverbindungen in scjasauce. 3. Mitt
J. Agric. Ches. Scc. Jag. (Nippen Nogei-Kagaku
Kaishi) 37:563-%6€€

42414
94 Ash, R.W., R.J. Fenningtcn, and 5.S. Reid. 1959
Effect of short-chain tatty acids on Lklood
glucose in sheeg
Bicches. J. 71:9E-10F

Wzz2s
95 Asgh, B.#., F.J. Fennington, and R.S. Reid. 1964
Tbe effect of skort-chain fatty acids cn blood
glucose concentration in sheep
Biochem. J. 9€(2):3%3-3€0

48712
96 Askew, E., and L[.E. lisle. 1971
Variation in the concentraticns c¢f higher
alcchols, methancl and ethyl acetate in trandies
J. Sci. Food Agric. 22(2):=102-104

52546
97 Asmussen, Erling, Jens Hald, and Valdemar Larsen.
1948
Pharmacological action of acetaldehyde on the
human organise
Acta Pharmacol. Tcxicol. 4(3/4):311-320

42278
98 Atramentova, V.G. 1967
Change in the acid copposition of milk fat
(Russian}
Moloch. Prom. 28(9):32-34

48743
99 Attaway, J.A. 196%
Determination of esters by thin layer
chromatography
dnal. Chem. 37:74-76

42193
100 Attaway, Jchn A., Richard W. Wolford, and Gilbert
E. Alberding. 1964
Identification of alcokols and volatile organic
acids from natural orange essence
J. Agric. Pood Chem. 12(2):118-121

50009
101 Ault, B.G. 1968
Determination of vicinal diketones in beer
J. Inst. Brew. 74 (2):196-199

49001
102 Aurand, L.¥., J.M. Singleton, T.A. Bell, and J.L.
Etchells. 19€6
Volatile components in the vapors of natural and
distilled vinegars
J. Food Sci. 31{2):172-177

52197
103 Aurand, L.¥., J.A. Singleton, T.A. Bell, and J.L.
Etchells. 1965
Identification of volatile constituents from pure-
culture fermentaticn of brined cucumbers
J. Food Sci. 30(2):288-295

52673
104 Avakyants, 5.P., and I.D. Belousova. 1970
Changes in amino acids and carbohydrates during
heat treatsent of fermentation mixtures for
champagne (Russian)
Izv. Vyssh. Uchebn. Zaved., Pishch. Tekhnol.
1970(2) :175-178

52506
105 Awe, W. 1951

Der nachweis des azetaldehyds und einiger inm
azetaldehyd uberfuhrbarer arzneimittel
mit piperazin-nitroprussidnatrius nach Simon.
(The detection cf acetaldehyde and cf some
drugs convertible into acetaldehyde Ly
piperazine-Na nitrogrusside by Simcn's method)

Phara. Zentralhalle Dtschl. 90(3):73-80

42032
106 Ayazbekova, M.A., and L. G. Repina. 1969
Investigation of free fatty acids of ewes' milk
cheese using gas chromatography
Izv. Vyssh. Uchebn. Zaved., Fishch. Tekhnol.
5:165-167

52347
107 Azizow, I.M. 1962
Batio of two forms of ascorbic acid in apples
differing in keeping guality
Tr. Dagestansk. Sel'sk. Inst. 1962(12):132-134

50805
108 AG. fur Medizinische Produkte, Deutschland. 1930
Aromatisierung und kcnservierung ven nahrfetten,
kase, sahne, milch u. dgql
Fr. Pat. 691,752 issued Oct. 27, 193¢C

€0305
109 Babel, F.J. 1946
Factors influencing butter flavor
Am. Perfumer 48(3):61, 63, 67, €9
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ECU9C
110 Pabel, F.J. 19E¢
Cottage-cheese cultures
J. Dairy Sci. 42:2009-2011

42380
111  Each, L. 1932
Lesinfekticnsversucke
Full. Sci. Pharm. 39(34):499-504

£2C3¢
112 Eacg, Z.M. 153€
The physiclogy and pharmacclcgy of the autcncmcus
pervous systes. XXVI. JInactivation of
adrenaline Lty persanganate and aldehydes
Arch. Int. Ehysicl. 46:125-14C

£2218
113 Fadische Anilin- and Soda-Fakrik A.-G. 15€7
An ampercmetric gas detectcr
Ger. Fat. 1,233,173 issued Jan. €, 19€7

42437
114 Eailenger, J. 1S€:z
A methcd of separaticn and identification cf
crganic acids in feces
Pull. Soc. Ptarm. BEcrdeaux 1C1(3):137-142

50219
115  Eailey, S.l., [.€. Mitchell, #.I. Bazinet, and C.
weurnan. 1962
Volatile ccampcnents cf different varieties cf
ccccd keans
J. Fccd Sci. 27:1€5-17C

50€01
116 Faker, J.C., H.K. Farker, and K.I. Fortmann. 1953
Brctarcma
Eakers [ig. 27(2):19-21, 25

£2013
117 Ealazs, lcrant, and Imre Fperjesi. 1968
Leterminaticn of the acetaldelyde content ir wines
Kertesz. Szclesz. Fciskcla Kczlew. 32(1):147-15¢5

(MR N}
118 Ealch, C.C., and S.J. Fowland. 1559

Secretion of wilk ¢f low-fat ccntent by ccws cn
diets low ir hay and bigh in ccncentrates. VII.
The effect cf administraticn c¢f volatile fatty
acids to coss giving ncrmwal pilk and milk cf low-
fat caontent

J. Dairy Res. 26:162-172

4215S
419 faldwin, A. BRichard, and Bertert E. Lcngerecker.
1544
Comgonent fatty acids of early and mature husan
milk fat

J. Bicl. Chem. 154:255-26%

42170
120 Eanerjee, E.N. 1¢3E
A-vitasinuntersuchungen in butterfett. VII. Ero-
und anti-sukstanzen
Agric. Live-stock India B:1£3-157

4Z1€€
121 Eanerjee, Sachchidanarda, and %.K. Kawishwar.
1961
Metakolism of tutyrate in scurvy
J. Sci. Ind. Fes. (India) <O0C:1t41-14¢€

5CE62 ’
122 PBang, Folke Nataniel. 19%¢
Arcmatisiermittel fur sargarine, kutter und
dergleichen
fan. Pat. 79,875 issued July 18, 1955

(e8¢
123 PBang, Fclke. 1943

Cm cmsattningen av citrensyra och tildningern av
smcrarcm (diacetyl) gencs
aromtakteriem Streptococcus citrovorus. (The
metakolism of citric acid and the production of
tutter arcma (diacetyl) by the aroma bacteria S.
citrovcrus)

Sven. Mejeritidn. 35(37):3€6-391

50695
124 Eang, Folke. 1945
piacetyl (smcrarcs)-bildning med hjalp av
vateacceptor. (Diacetyl (butter aroma)
production with the help of hydrcgen acceptors)
Sven. Mejeritidn. 22,/23:1-8

£0696
125 Bang, Folke. 1945
Temperaturens inflytande pa Stregtoccccus
citrovorus' amnescomsattning {andning och Jjasning)
. (Temp. effects on the metabclisw (respiration
and fermentation) of Streptococcus citrovorus)
Sven. Mejeritidn. 36:1-6

50697
126 Eang, Folke. 194%

Tillverkning av syrat smor enligt ny metold samt
smorets C-vitaminisering. (Producticn of
acidified butter, by a new method with enrichment
at the same time with Vitamin C)

Sven., Mejeritidn. 19:1-6

52030
127 Eaptista, A. Malafaya. 1935
Inactivation of epinephrine by acetaldelyde
verified by studies on smooth musculature of
various organs
Cozpt. Rend. Soc. Biol. 120:567-55¢

50874
128 Earaud, J. 1553
Bestimmung van ascorbinsaure, dioxysaleinsaure
und redukton neteneinander
Bull. Soc. Chim. Fr. Mem. 29(5):521-225

48794
129 Baraud, Jacques, and Andree Maurice. 1963
The alcohols ard esters in cane and arple brandy
Ind. Aliment. Agric. (Paris) 80 (1):3-7

52055
130 Parker, S.B. 1341
acetaldechyde in mammalian red blood cells
J. Biol. Chem. 137:7€3-784

52324
131 Earkhash, A.P. 1939
Anaerobic breakdown of phosphogluconic acid in
the presence cf acetaldehyde
Coopt. Fend. Acad. Sci. URSS 23:467-4€8

42306
132 FParnett, A.J.G., and G.A. Tawak. 1957
The lactic acid and vclatile fatty acid contents
cf five locally made type cheeses
J. Cairy Res. 24(2):225-234

50607
133 Barnicocat, C.R. 1935
Biacetyl in cold-stored fLutters
J. Lairy Res. 6:397-u406

50610
134 EBarnicoat, C.H. 1935
Determinaticn of tiacetyl and methylcarbinol
Analyst 60:653-662

50283
135 Earnicoat, C.R. 1937
Eiacetyl in cold-stored tutter. II
J. Dairy Res. 8:15-30

51052
136 PBarritt, M.M. 1936
The intensificaticn of the Voges-Frcskauer
reaction by the addition of alpha-naphthel
pathol. Pactericl. 42:441-453

51046
137 Barthelmess, A. and A. Elkabarity. 1962
Chemically induced multipolar mitosis
Prctoplasma 54:469

52385
138 Bartos, Jaroslav, and Jean Francois Burtin. 1961
Colorimetric determinaticn of aldehydes and
ketones with oxalic acid dihydrazide
Ann. Pharm. Pr. 19:769-770
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4z41€
139 Eartos, Stapislav. 1964
Mechanism of utilization of acetic and Lutyric
acids tagged witl carkcn-14 Lty slices cf beef
liver
Zivccisna Vyrcba 9 (7) :427-43¢

5€579
140 Earwald, 6. 15€¢
Formaticn cf diacetyl and pentane-Z,3-dione in
Fedicccccus cerevisiae
Naturwissenschaften £6:285

£1C23
141 Earwald, G. 1971
Head space-analyse in der
travereitetrietskcntrclle. {(Head-space analysis
in trewing prcducticn centrcl)
Erauwissenschaft 24 (9):343-347

CZ€83
142 Earvald, G., ¥. Greffin, and H. Lellweg. 1571
vergleichende aldetykestizmurgen im Etier.
{Ccmparative acetaldehyde deteraination in Lkeer)
Monatsschr. Brau. Z4(1) :1-17

€C492
143 Bassett, E-W., and W.J. Harper. 19%€
Acidic and neutral carkcnyl corpcunds in Swiss
cheese
Frcc. Int. Lairy Cengr., 14tk, Rcme, 1956 z:3€-45

48274
144 PBassett, E.%., and W.M. Karper. 1SS€
Isclation and identificaticn c¢f acidic and
neutral carkcpyl cosgpcunds in
different varieties cf cheese
J. Dairy Sci. 41(S):120€-1217

EZ34E
145 Ppassette, B., S. Czeris, and C.H. Whitnah. 1963
Direct chrosatographic analysis of milk
J. Foad Sci. 28(1):84-SC

50618
146 Eassette, Eichard, and Mark Keeney. 1960
Identificaticp cf scme complex carkonyl coxpcunds
from nonfat dry w®ilk sclids
J. Dairy Sci. #3:1704-1750

42492
147 Eates, Fobert C., and Ronald E. Hurlbert. 1970
Effect of acetate cn Euglena gracillis var
bacillaris as a function of envircnmental
conditions
J. Erctczcol. 17(1):134-138

EC11C
148 Eattelle Cevelopkent Corp. 196S
Acidification cf milk prcducts
Belg. Fat. 661,305 issued July 1€, 196%

£C25€
149 Eaumann, E. 1938
Actiop of kactericidal sukstances cn tubercle
bacillus
Klia. Wochsclr. 17:382-386

c€CE3
150 EBauzgartel, Tr. 1933
Wie wurde das "kutterarcmwma" entdeckt?
Milchwirtsch. Zentraltl. 62:218-221

£¢1E1
151 epavisctto, Vincent S., John Shovers, Wm. E.
Sandine, and Faul R. Elliker. 1564
Enzymic rezcval cf diacetyl frcm teer. I.
Freliminary studies
AR. Scc. Brew. Ches. Prcc. 1964:211-216

S0€1S
15z Eavisotto, Vincent S., lee ann hoch, and Erigitte

Heinisch. 1961

Gas chromatograghy cf vclatiles in Leer during
its trewing, fermentation, and storage. 11I.
Guantitative effect cf physical, chemical, and
physiclegical variakles

AB. Soc. Erew. Ches., Ercc. 1961:16-23

49571
153 Eayer, Ernst, and K.H. Reuther. 13956
paper chromatographic analysis of cartoxylic acid
ester mixtures and its application to
investigation of synthetic and natural flavors.
II. Iron(III)-hydroxamic acid complexes
Angew. Chem. 6B:6S$E-701

52743
154 Eayer, Gustav, and Theodor Wense. 1937
Uber die beeinflussung der adrenalininaktivierung
durch acetaldehyd und durch cocain
Naunyn-Schniedebergs Arch. Exp. Pathcl. Pharmakol.
188:114-120

£2273
155 Bayer, Gustav, and Theodore Wense. 1938
The action of cocaine and ergotamine cn tte
oxidation of adrenaline in vitrc
Arch. Int. Fharmacodyn. 58:103-107

50543
156 Baylor, Cecile. 1963
Erste prufung eines diacetylreagenz zur
Lestinmung des in form von
harnstoff vorliegenden stickstoffs
Am. J. Med. Techncl. 29:9-16

50229
157 Bazinet, M.L., and Charles Merritt, Jr. 1962
Techniques for the mass spectrometric analysis of
volatile ccmpounds isolated from natural sources
Anal. Chem. 34:1143-1147

42037
158 Beacham, L. M. 1946
Decomposition in canned oysters and clams
J. Assoc. Offic. Agric. Chem. 29:89-99

52362
159 Eecher, A.S., and I.F. Rudcaanova. 1961
Microdetermination of acetaldehyde in wine and
fermenting liquids by a colcrimetric method
Izvest. Vyssh., Ucheb. Zaved., Pishch. Tekhnol.
1961 (3) :132-137

50654
160 Eecker, Arthur C. 1960
Irennmittel fur backzwecke
0.S. Pat. 2,949,365 issued Aug. 16, 1960

42328
161 Eecker, Erich. 1954
Pafer chromatographic detection of water-soluble
organic acids in focds
Z. Lebensm,-Unters. —Forsch. 98:249-257

52844
162 EPBedford, C.L., and M.A. Joslyn. 1538
Enzymaktivitat in gefrorenen gemusen. Gartenbohnen
Ind. Eng. Chem. 31:751-75¢

52534
163 Beer, C.T., and J.H. Quastel. 13%8
The effects of aliphatic aldehydes on the
respiration of rat brain cortex slices and rat
train mitochcndria
Can. J. Biochem. Fhysiol. 36(6):S531-£41

42014
164 pelehradek, J., and F. Schwarz. 1928
Die giftwirkung der sauren aus der reihe der
ameisensaure in beziehung zur anpassung des
crganismus
Bull. Soc. Chim. Biol. 10:909-919

42298
165 Felehradek, J., and F. Schwarz. 1628
Ltaction toxigque des acides de la serie formigue
en relation avec 1l'adaptation de 1l'crganisnme.
(Toxic action of acids of the fcraic series in
relation to adaptation of the orgarism)
Bull. Soc. Chim. Eiol. 10:909-919

42411
16€ Eell, Alan, M.B. Knowles, and Clarence E.
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Slcw patural and accelerated aging ¢f wine and
its relaticns with the
c€rganolegtic characteristics and the biclcgic
value c¢f the prcduct

4ccad. Ital. vite Vino, Siepa, Atti

1SS€ (1C) 2 152-227

52€13
287 cCantcni, c., r.a. Bianchi, E. Eennon, and €.
L'Aukert. 15€¢
Putrefacticn cf fausages
Arch. Vet. Ttal. ZC(4):z45-Z¢y

42048
Z€E Cantoni, C., N.A. Bianchi, E. Fencn, and s. 4»
Aubert. 1966
Souring of uncocked Law
Arch. Vet. Ital. 20(5):355-37¢C
£2242
289 canteni, C., ¥.5. dclpar, E, Gencn, and €.
Giolitti. 1%¢7
The lipids cf dry fausages
Nabhrung 11{#4) :341-353

£16¢¢
290 cantcni, Carlc, Faria A. Eiancti, Fietrc Fenorn,
and Carlc Calcinardi. 1970
Eacterial and cherical alteraticns during scurirg
in salted pcrk
Atti. Soc. Ital. Sci. Vet. 1969 (23):752~-75¢

4z12¢
291 cantcni, Carle, Paria Fita Eolnar, rietrc Fencn,
and Giovanni Ciclitti. 1§&¢
The acticm cf tte Eicrcccccaceae ¢ pork fat: Cc1-
S velatile fatty acids
Ind. Ccnserve {Farra) 40(3):205-2017

Sz€cSy
29% cagvanc, Italo . 1S€C
Continuous canductcmetric deterzinaticn of
acetaldelyde
Anal. Chem. 32:1Cz8-1C27

4zz1e -
293 Carelli, v., A.p. ligueri, and A. Eele. 1655
Scrgticn chromatography of palar sulkstances cn
Folyamides
Bature 176 {4471):7C-71

50486
294  cCarlinfanti, Prminic. 1945
Investigations cn butter aroma
Chim. Ind. (Milan) 27:82-84

52074
295 Carpenter, R.K., and L.D. Macleod. 1952
Effects of ethyl alcohol and acetaldehyde on maze
tehavior and msotor coordination in rats
J. Ment. Sci. 98:167-173

42207
296 Carry, R.J.C., and D. H. Smyth. 1960
Transfer of short-chain fatty acids by the
intestine
J. Ehysiol. (London) 152:48-66

52416
297 cCasier, H. 1960
Hetabolism of labeled ethyl alcohcl and the
influence of pharmacologic sutstances (Fr.}
Bull. Schweiz. Akad. Med. Wiss. 16:15-24

S249y
298 Casier, H., and H. Folet. 1958
Disulfiram (Antabuse) and alcohal sctabolise in
mice
Arch. Int. Fharmacodyn. 113:439-49¢

48826
299 castagnou, R., and J. Zizine. 1951
Detection of cations in texicology. I
Bull. Trav. Soc. Fharm. Bordeaux €9:152-155

£055¢8
300 catalano, Mario. 1956
Citric acid, diacetyl, and acetyleethylcarbinol
contents cf fresh cow milk
Ann. Pac. Agrar., Univ. Eari 10:153-162

42110
301 <Cecchini, Ankrogio. 1924
Uber die fluchtigen fettsauren der faeces
Arch. Fatol. Clin. Med. 2:361-362

42093
302 cCellino-Tosi, A. 1965
Fatty acids of the lipids in some foods of animal
origin used in human diets
Atti Scc. Ital. Sci. Vet. 19:625-629

50106
303 Cesari, Adriana, Anna Maria Cusmanc, and Luigi
Eoniferti. 19¢4
Determination of acetoin and diacetyl in vinegar
Ly gas chrecmatcgraphy
Boll. Lab. Chem. Frovw. 15 (5) : 444-45¢

50010
304 cetorelli, J.J., W.d. McCarthy, and J.D.

Winefordner. 1568

Selecticn of optisum conditions for
spectrochemical nmethods. TV. Sepsitivity
cf absorpticn, fluorescence, and rhosphorescence
spectrcmetry in the condensed Ehase

J. Chem. Educ. 45 (2):98-1032

527¢C0
305 cChang, S., ER.C. Tripp, and T. Richardson. 1970
Gas chromatography of 2,4~dinitrophenylhydrazones
and the monocarbonyls in beer tefcre and after
storage
Tech. Q., Master Brew. Assoc. RAm. 7(4):1%8-206

49527
30€ chang, S.s. 1561
A new technigue for the isolation of flavor
components from fats and oils
J. Ap. 0il Chem. Scc. 38:669-671

£240¢
307 charlier, E. 1947
Glycerol, formaldehyde, acetaldehyde, and
paraldehyde, nonveratrine-like sukstances (Fr.)
Experientia 3335
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51013
308 Chascv, F.V. 1571
Cartonyl ccspcugds in *Eikant' cheese
Fclcch. Frca-st. 32¢11):16-21

48cz¢
305 <Chaudhary, S£.5., R.E. Kepner, and A.C. Wekk. 1964
Identification cf scme volatile ccmpounds irn an
extract cf the grape, Vitis virifera var
cauvignon klanc
Ar. J. Encl. Vitic. 15(4):15C-15¢

S52€4C
310 cChaudun, A. 193%
Hemmende wirkung ven forsol, acetaldehyd und
acetcn auvi die epzymatische bydrclyse
der sacchatcse
Eull. Soc. Chis. Eicl. 17:1346-1350

42302
311 C(Cheesewcrth, BHenry Lcuglas, and E. Askley Cocger.

162€

Beitrag zu unserer Kepntnis der
desinfektionswirkung. II11.
Ungesattigte verktindurgen als geramicide

Ver. Exploit. Prccfzuivelbcerderij Hoornm

1928:106-146

51047
312 Chemical Fuiker Ccsgany.
CRC Handkcck
Chenmical Buktber Cospany, Cleveland, Ohic p. 161

50812
213 <Chemisch-Tecbniscke Fcrschungsgesellschatt
#.k.B., terlin. 1932
Uahkullungs- und verpackungsstcff, insktescndere
Fapier
Ger. Eat. 560,17 issued Sept. 2z¢, 1932

42231
314 cChioffi, Vittcrinc. 1955
Sgecific ccpnductivity cf sclukle vclatile acids
as a rapid sesans cf indicating the purity of
tutter
Boll. lak. Chim. Frcv. (Eologna) 1SSE5({2):27 fp

£CSS5
315 chicsa, 1., V. Niculescu, C. Becnciccat, and
Carmen Stapmcu. 1S€5
Schutzwvirkung von §-acetyl- und N-
carkamoylderivater der glutamsicr- und
asparaginsaure gegen amwcniakvergiftung
Bicchem. Etarmaccl. 1421€35-1643

€236z
316 Chitre, F.G., and Shanta Kelkar. 1952
The inbikition cf tbiarimase bty smicrc amcunts cf
acetaldetyde
Curr. Sci. (India) 21:219-22C

42199
317 <Chotanov, L. 1S€z2
Ternary sclvent systex diagram in liguid-liguid
chramatcgraphky. Separatico cf =skcrt chain fatty
acids {CZz tc C6)
Corgt. Hend. Acad. Eulgare Sci. 15:743-T4€

S2€03
318 Chcw, L., and E.M. Watts. 196¢
origin of cff cdcurs in frc2em green beans
Fccd Technol. (Chbampaign) Z23(7):€73-574

51068
315 Chr. Bansen's Iakcratcry, Inc. 1961 .
Eerscnal ccemunication with FEMM with inforsaticn
cn the manufacture cf starter distillate
Con E. Fakle, Directcr, Culture Degt., Chr.
Bansen's lakoratcry, Inc., Milwaukee, kisccnsin

51060
* 320 Chr. Hamsen's lakcratcry, Imc. 1573
Eerscnal ccmmynication
Bokert L. Sellars, Vice-Fresident, Chr. Hansen's
Iakcratory, Inc. Milwaunkee, Wisccnsin

51055

* 321 Cor. Ransens's lLaboratory, Inc., Undated

Starter distillate specifications
Chr. Hansen's laberatcry, Inc.,
Milwaukee, Wisccnsin

£1096

# 322 Christensen, H#.E. (Ed.). 1974

*

Toxic Substances List
¥DA, U.S. Department cf Health, Education and
W¥elfare

50575
323 Christensen, M.C., and C.S. Pederscn. 1958
Factors affecting diacetyl groducticm Lty lactic
acid Lkacteria
Appl. Microtiol. 6(5):319-322

50352
324 cChristensen, Niels P., and Roland E. Sturhahn.
1946
Treating dairy products
U.S. Pat. 2,400,454 issued May 14, 1546

52742
325 Cchristomanas, Anast. A. 1937
Weitere untersuchungen uber die
acetaldehydtildung aus eiweiss. II
Praktika 12:113-116

50013
326 cChuang, Linda P.,, and E.E. Collins. 1968
Eicsynthesis of diacetyl in bacteria and yeast
J. Bact. 95(6) :2083-2089

51069
327 Chumlea'’s Laloratories, Inc. Undated
Starter Distillate
Communicaticn to the FDA

51057
328 Chumlea's Latoratories, Inc., 1973
Fersonal coamunication
leon W. Chumlea, Fresident, Chumlea's
Latoratories, Inc., Lebanon, Irdiana

50216
329 citlis, E. 1961
Determination of diacetyl and of acetcin in dairy
products
Molk. Kaeserei Ztg. 12:964-969¢

50055
330 ciblis, E. 1969
Diacetyl and acetoin contents of ripened creanm
kutter
Milchwissenschaft 24 (€):485-487

49029
331 Cioglia,, L. 1948
Prcduction bty Escherichia coli
Rassegna Med. Sarda 50:50-61

50599
332 Ciusa, W. 1932
Biacetyl and methylacetylcarbincl bty the action
cf pepsin on milk. I.
Ann. Chiam. Appl. 223E5S4-597

52177
333 clangy, Dcnald J., and David E. Krasm. 1963
Determination of acetaldehyde by colcrimetry
Anal. Chem. 35:1987-1988

€0159
334 clari, L. 1960
LCiacetyl content cf Lbutter
Riv. Latte 16(S):1-7

42141
335 cClark, E.E., and Pred HBillig. 1938
The Dyer method fcr the identificaticn and
determination of volatile fatty acids
J. Assoc. Off. Agric. Chem. 21:684-688

42262
336 cClarke, B.J., F.V. Harold, R.P. Hildekrand, and
A.S. Morieson. 1962
Trace volatile constituents of beer. 1V. Volatile
acids
J. Inst. Brewing 6B8:179-187
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337 Clewent, G., J. Clement, J. Bezard, 6. di
Ccstanzc, acd 5. Faris. 19€2
Hydrclysis cf butter triglycerides by pancreatic
lipase. Iccalizaticn ¢f FEutyric acid
Arch. Sci. Fhysicl. (Farisg) 1€:237-243

4z3¢€¢€
338 clement, G.E., J.F. Clement, J.A. Eezard, G.E. di
Ccstanzo, and E.M. Paris. 1G€3
Eydrclysis cf tke trigljycerides cf Lkutter Ly
Fancreatic lipase. Lccaticn cf tutyric acid
J. Dairy Sci. 4€(12)=z1423-1425

4zyoé€
339 Clements, Fckert 1. 1557
A chrcmatograpkic study cf scme cf the compcunds
in rcasted ccffee
Focd FRes. z2(2z):222-232

520€4
34C Clexnxesen, C. 1933
Intoxicaticn after cverdosace witk "rixed
headache pcwders® ccntaining acetanilid
Ugesk. Laeger SCS:7€€

£1C¢E1
341 Cocca Ccla Ccepany, 1973
Ferscnal communication
C.I. Murdcck, Bivisicn Chief Microlticlogist,
Cocca Cola Company, Fccds Livisicn, Houstcn, Texas

£1C¢T
342 cCcdex Alimentarius Commission
Ccdex Alimentarius Ccemissicr Series
Secretariat cf the Jcirt FAC/WEC Fcod Standards
Erogranme, FAC, Fcme

51564
343 Cchen, Clara. 19:zC
Uter die rildumg vcan acetaldehyd bei den
umsetzuncen ven zuckern durch pilze
Bicchem. Z. 112:139-142

42¢€09
344 Cchen, Ebilip F. 1937
Untersuchunger uker ketcgenese
J. Bicl. Chem. 115:333-34€

52€840
345 Coldwell, E.B. 1¢71
The gas chrcmatocgraphic estimaticn of ethancl,
acetaldetyde, and acetcne in etlanol metakclism
studies
Clin. Toxiccl. 4:69%-113

£2753
34€ cCcllazc, J., and J. Supnieuski. No date
Cie wmilchsaure des klutes
Ccapt. Rend. Scc. Eicl. 92:3€7-369

CZ€EE
347 ccllazc, J-3, apd J. Supniewski. 1524
Uker den einfluss des ipnsulins uvnd einiger
anderer stcffe avi den
rilchsaurestoffvechsel. Versuche uker die
tlutmilcksaure und der blutzucker bei kaninchen
Bicchem. 2. 154:142z-443

42371
348 Collett, B.E. 1921
Die giftige wirkurg von sauren auf infusorien.
II. Lie rclle der molekule und icmen. III.
Antagonismus der giftwirkung vcn sauren durch
ancrganische chloride .
J. Exp. Zcol. 34:67-74, 75-$$

§0731
34 colley, J., I.F. Gaunt, 3.E.G. lansdown, E.
Grasso, and S.CL. Gangclli. 15€¢ ’
Acute and short-term tcxicity cf diacetyl in rats
Fccd Cosmet. Toxicol. 7(6) =571-S€C

52661
350 Collins, E. 1¢71
"Steam vclatile ccapcnents cf roasted tarley
J. Agric. Food Clexm. 19(3):€z3-£3¢

* 351

*

51054
Collins, E.E. and J.C. Brubn, 1970
Roles of acetate and pyruvate in the metabolism
cf streptococcus diacetilactis
J. Eacteriol. 103 (3):541-546

42247
352 Colmenar, M.l., A Carballidec, and F. Garcia-0Olmedo
1965
Comparative spectrophotometric study cf milk fats
from cows, ewes, and goats
An. Bromatol. (Madrid) 17(4):389-411

51080
353 cCommittee on Specificaticns. 1972
Focd Chemicals Ccdex
Coamittee on Focod Erotection, Naticnal MAcademy of
sciences, National Research Council, Washington,
L.cC.

49572
354 Connell, D.W. 1964
Volatile flavoring constituents of the fpineapple.
I. Some esters, alcchols, and carkcnyl compounds
austral. J. Chem. 17 (1) :130-140

42314
355 cConrad, H.R., J.W. Hibbs, and Ncrra Frank. 1958
High roughage system for raising calves base on
carly develorment of rumen functicn. IX. Effect
cf rumen inoculaticns and chlcrtetracycline on
runen function of calves fed kigk roughage
Ee€llets
J. Dairy Sci. 41(9):1248-1261

42297
356 Coock, Fobert Merocld, Su-Chin C. liu, and Shahida

Guraishi. 1969

Utilization of volatile fatty acids in ruainants.
I1I. Compariscn c¢f mitochondrial acyl coenzyme 2
synthetase activity and substrate specificity in
different tissues

Bicchemistry 8(7) :2966-2969

49250
357 Cooper, E.A. 1945
The influence ¢f crganic solvents cn the
tactericidal action of the phencls
J. Soc. Cher. Ind. (London) 64(2):51-53

48863
358 Copier, H., and L. Schutte. 1970
Efficient trapping and transfer of micrcgram gas
chromatograghic fracticns for ionfrared analysis
J. Chromatogr. 47 (3):464-469

50889
355 cCoppens, A., and L. Hoejenbos. 1939
Untersuchung der fluchtigen bestandteile von
erdbeersaft (Fragaria eliator Ehrh.})
Recueil Trav. Chim. Fays-Bas 58:6EC-€50

50820
360 Coppens, R. 1S54
Einige beocbachtungen uber die biochemie der
aromafermente
Ned. #elk Zuiveltijdschr. 8:14-18

50523
361 Coppens, R., and A. Antoine. 1950
Investigation of aroma formers
Eull. Inst. Agrcm. Stas. Rech. Gemblcux 18:39-52

42479
362 Cornelius, Charles E., Martin Small, and Max
Kleiber. 1957
C-14 studies on ketogenicity of metalolites in
lactating dairy cows
Prcc. Soc. Exp. Bicl. Med. 95(1):172-174

€2596
363 corrao, A., A.M. Gattuso, and V. Cilluffo. 1969
Ealance of seccndary froducts of alccheolic
fermentation in Sicilian wines
Ind. Agrar. 7(9,/18):3€5-37¢
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364 Corraa, Andrea. 1957
Fesearches on the sclukle vclatile acids cf clive
cil
0lii Miner., Grassi Sagcpi, Ccleri veruici
34:536-538

£CTCe
365 Ccx, G.A. 184°%
The effect cf acidity cn the precduction of
diacetyl Ly ketacccci in wmilk
J. Dairy Res. 14(1,2):28-3°%

46234
366 cCcx, G.A., and %.J. Hiley. 193%
The cclorimetric estimaticn cf diacetyl and
acetcin in dairy frcducts
Austral. Ccunc. Sci. Ind. Kes. J. 12(3):2227-231

45574
367 Cox, Warren M., Jr. 1933
Gbter den nahrsert reiner fettsaurester
J. Bicl. Cles. 1€3:777-75C

42438
368 Craig, E.M., A.E, Tullcch, and N.L. Murty. 1963
Quantitative apalysis cf shcrt chain fatty acids
veing gas liquid chrcmwatcgragly
J. Am. 0il Chem. Scc. 40:61-€3

52E45
365 <Cramer, [.A., and F.B, Pegpger. 1965
vclatile cexrpcunds asscciated with heated mutton
fat
Prcc. Aanp. Meet. lWest. Sect., Am. Scc. Anim. Sci.
16:XX11I-€

£2125
370 Cremer, E., and M. FEiedmanr. 1S€4
Identificaticr c¢f the gas-chrcmatcgraghically
separated aromatic materials cf lLoney
2. Naturfcrsch. 19E(1):7€-77

UET4E
371 Crcteau, KF.E. 1971
Chemical ccmpcsiticr cf the cuticular wax ard
cutir cf crankerry
Ciss. Abst. Ipt. Sect. E. Sci. Fng.
31(9):522%:Crdexr nc. 71-£9€6

£1¢E3
372 <cCrcwell, E.2. apd J.E. Guyascn, 1963
Influence of aeraticnm and suspended zaterial cn
higher alcctcls, acetcin, and diacetyl
during fermentaticn
Aper. J. Encl. viticult. 14{4):214-222

42043
373 Cruz-Ccke, ., H. Niereyer, and Magda Maric. 1947
Action of thicurea cn the cxygen ccnsumptict of
tissues
Ecl. Scc. Fiol. Santiagc Chile 4:14-1¢

42120
374 Cruz, N.C. Vera, J.E. lcdce, ard C.K. Graves.
1967
End precducts cf kcvine spermatczcan metakclisx as
influenced ty incutaticn diluent and temperature
J. Cairy Sci. SC(U):55€-561

50623
375 (Csiszar, J. 1936
A rapid methcd for the determinaticn cf the arcema
{acetcin, Lkiacetyl) ir tutter and its ispcrtance
in the examinaticp cf rutter .
Csterr. Milchwirtsch.-2Ztg. 43:14C

45055
376 Csiszar, J., A. Eakcs, and G. Tcxka. 194%2
Methylacetylcarkincl and tiacetyl in cheese. 1I.
The contents cf sethylacetylcarkincl and
tiacetyl in varicus kinds cf cheese
Milchu. Forsch. Z1:236-241

. 5C755
377 (Csiszar, Josef. 1549
Oker die trauchktarkeit der “arcmareaktionen"™ zur
beurteilung vcn rahmsauerungssitteln
Milchwissenschkaft 4:248-25C

50622
378 Csiszar, Jozsef. 1936
A quick method for estimating acetcin and
tiacetyl in butter and its importance in the
evaluation cf Lbutter
Kiserletugyi Kozl. 39:80-82

50632
379 Csiszar, Jozsef, Anna Pakos, and Gator Tomka.
1941 )
Acetoin-biacetyl in cheeses. I. Ccontent in
various cheeses
Tejgazdasag 1:56-62

50625
380 cCuppini, Umberto. 1948
Biacetyl in butter
Clearia 1948:1E4-156

49104
381 curzel, V. 19%5
Detersination of acetylaethylcarkinol in vinegar
Fiv. Vitic. Fnol. 8:93-96

50910
382 cCuzova, Z.P., L.N. Subina, M.V. 2alasko, and N.V.
Makar'ina. 1964
Physiologisch-tiochemische charakteristik
aromaten produziererder kulturenm vwen
Sstreptococcus diacetilactis
Mikrobiologija 33:522-527

50651
383 <Czarnecki, H.T., and E.L. van Engel. 1959
Lie isolierung und identifizierung vcn diacetyl
produzierenden krauhefen
Brev. Dig. 34(3):52-56

42223
384 D*Alberti, Angelc. 1964
Determination of kutyric and caprcic acids of
tutter by gas chrcomatography
Sci. Aliment. 10(S):95-10z2

49585
3J&t Tracre, J.C. 1§E¢
A chemical investigation of the volatile flavour
principle of cheddar cheese
J. Cairy Res. 22(2):219-223

€29C1
386 Cradds, M.Jd.5., A.l. Macpherson, and A. Sinclair.
1571
Zysomonas and acetaldehyde levels in beer
J. Inst. Brew. 77(E):453-4%56

52323
387 cradykinm, V.P., L.N. Stepanov, and V.E. Ryzhkova.
1967
Cxygen-containing volatiles of vegetables ({Russ.)
Koss. Bicl. Med. 1{6) :48-52

52009
388 ralal, K.E., [.K. Salunkhe, L.E. Olson, J.Y. Do,
and M.H. Yu. 1968
Volatile components of developing tcomato fruit
grown under field and greenhcuse ccnditions
Flant Cell Physicl. (Tckyc) 9(2):389-400

48704
389 rallyn, B., and J.R. Everton. 1G€€
Ethyl acetate formation in canned draught beer
J. Food Technol. 1(1):83-84

52145
390 palziel, K., and F.M. Ffickinson. 196S%
Aldehyde mutase
Nature 206 (4981):255-257

42076
191 cranishevskii, S.l., and E.I. Kcnastyrskaia. 1960
Lata on the toxicoclcgy of Lutyric acid
Tr. leningr. Sanitarnogig. Med. Inst. 62:78-84

52295
392 raugherty, ¥.M., Jr., and Jack T. Garrett. 1951
Toxicity levels of hydrocyanic acid and some
industrial by-products
Texas J. Sci. 3:391-396



|

e

—1 f“""l,,_)

1

o B

-1

¥

M |

1

P

B |

M |

I

1

1

g

e

oy

)

4221¢€
393 Tavenpcrt, Hcrace W. 1964
Gastric mucosal injury ty fatty and
acetylsalicylic acids
Gastrcenterclcgy U€:245-253

€ZE3€
394 ravid, Jean Jcsepk, and ¥.d. Jcslyn. 19%3
Acetaldetyde andé related ccspcunds in frczer
GLEEr feas
Fccd Fes. 18(4)236C-3SE

42421
3195 ravies, C.W., and E.L.F. Cwen. 1956
Mdscrpticn ¢f crganic acid amclectles apnd tteir
chrcmatccraphic separaticn on  icn-exchange resins
J. Chem. Scc. 1956:1661-16€S

CS1E
35€ Lavies, W.I. 1932
piacetyl in butter
Food Pranuf. B:34€-348

50282
397 Cavies, W, 1. 193€
Flaver and arcma cf Lutter
Lairy lpd. 1:165-167

£€c3zt
39€ TLavies, W.I. 1937
The development cf arcsa inm Lutter
Prcc. 11th Wcrld's pDairy Cenmgr., Eerlin 2:7€-7€

£€277
399 T[Lavies, W.L. 163¢
The arcma and flavcr cf butter and starters .

Agric. Freg. 15:30-34

50360
400 TLavies, W.L. 193¢
The flavecr and arcsa cf kutter
Flavcurs 2z(1):16-22, 3z

E071€
401 ravis, J.G6., B.J. Fegers, and C.C. Thiel. 1939
Frcducticn of diacetyl Ly faecal streprtocccci
Rature (londcp) 143:5%€

42062
40z Cawscn, A.M., C.D. Hcldswcrth, and Joan %ekb.
1564
Absorpticn cf shcrt-ctain fatty acids io man
Frcc. Soc. Exp. Eicl. Fed. 117(1):57-1CC

45018
403 CLawscn, J., and F.P. Hullin. 1SR
metakclisa cf acetcin; metabclic ccnversions of
acetcin, pyruvate and acetate Ly rakrit-kidney
tissue dispersicrs
Bicches . J. £7:180-18°%

49061
404 Tfawscn, J., and F.E. Bullic. 1S%4
Metakclisz cf acetcin. I. Fcrmaticn and
utilizaticn of acetcin and Z,3-tutanedicl in the
decerckratedé cat
Bicchem. J. 57:177-180

49276
405 [Lawson, J-, F,F. Eullin, and Maricrie Walker.
1557
Forsaticn c¢f 3-hydrcxybutan-i-one and butane-Z:3-
éicl ty pig-beart preparaticns and its
relaticnship tc cxidaticn cf pyruvate
Eicchem. J. 67(3):456-4€3

52659
406 ray, E.A., and L[.A. Lillard. 1S€C
Autcxidaticn cf xilk lipides. I. Identification
cf vclatile monccartonyl ccmpcunds from
autcyidized milk fat
J. Dairy Sci. #3:5€E-ES57

4E767
4¢1 cray, E.A., and D.F. Apderscn, 1965
Gas chrcmatcgraphic and mass spectral
jdentificaticr cf matural ccwpcnents of the
arcma fracticn cf blue cheese
J. Agric. Fccé Chem. 13(1):2-4

48816
408 TLay, E.A., and L.M. Libbey. 1964
Cheddar cheese flavor: Gas chreomatcgraphic and
mass spectral analyses of the neutral components
cf the aroma fracticn
J. Pood Sci. 29(5):583-589

52532
409 cray, E.A., T.A. Forss, and S. Fattcn. 1957
Flavor and odor defects of gamma-irradiated
skimmilk. I. Freliminary observaticms and thke
role cf vclatile carbonyl ccmpcunds
J. Dairy Sci. 40(8):922-931

52533
410 cray, E.A., D.A. Forss, and 5. Pattcn. 1957
Flavor and odor defects cf gamma-irradiated
ekiamilk. II. Identification of
volatile components by gas chrcmatcgraphy and
mass spectrcmetry
J. Dairy Sci. 40(8):932-941

49167
411 tay, E.A., Richard Bassette, and Bark Keeney.
1560
Identification of volatile carbonyl ccmpounds
from Cheddar cheese
J. Dairy Sci. 43:463-474

52283
412 Te Almeida, Humberto. 1320
polarographic study of acetaldebyde in port wine
Anais Inst. Vinha Porto 1:25-31

50175
413 TCe Bock, C.A., J. Brug, and J.N. Walop. 1957
Antiviral activity of glyoxals
Nature 179:706-707

52262
414 De Breyer, I.J. Jofre, A. Ortiz, and Klaus
Soehring. 1970
Effects of aldehydes on serotcnin metabolism in
rat liver slices
Pharmacology 3(2):85-90

50704
415 De Buccar, M. 1940
Investigation on diacetyl in kutter
ann. Hyg. Publ., Ind. Soc. NS18(7):271-276

50067
416 De Clerck, E., and A. Lelaunoy. 1S€€
study of the aging of beers by gas rhase
chromatography
Full. Assoc. Roy. Anciens Ftud. Brass. Univ.
Louvain 62(1):1-8

42087
417 Le Prancesco, Pranco, and Danilc Avancini. 1961
Fraudulent additicn tc butter of transesterified
fats
Eoll. Lab. Chim. Erov. (Eologna) 12:422-444

52044
418 Te Jongh, D.K. 1952
Tozicity, effect of tetraethylthiuramdisulfide
(T.T.S.) upon tcxicity in rats
Arch. Int. Fharmacodyn. 90:113-11%

50260
419 e Man, J.C. 19%6
Cver de wijze waarop diacetyl in culturen van
Eetacoccus cremoris ontstaat. (The formation of
diacetyl in cultures of Betaccccus cremoris)
Ned. Melk Zuiveltijdschr. 10(1):38-52

50673
420 De Man, J.C., and E. Brandl. 1959
Zur bestimmung des diacetylgehaltes vcn butter.
Atanderung des verfahrens von Frill und Hamaer
Ned. Melk Zuiveltijdschr. 13:199-205

50565
421 De Man, J.D., and J.W. Fette. 1956
The mechanism of biacetyl formaticn in tutter and
starters
Int. Dairy Congr., 14th, Rome, 19%é
2(Et. 1)3:89-101"
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42z crCechary, J.Pr., Ernest Kur, and H.C. Eitot. 1554

Spektrcrhotczetrische testimeung van glyoxal
Anal. Chee. Z€:445-452

42510
423 ©Declercq, E., V. Elatcp, and H. feeters. 1969
Gas chrcmatcgraphic determinaticn cf volatile
acids in effluent waters
Int. Symp. Chromatcgr. Electrophcr., Sth
16€€:13C-137

SC33¢
424 Trebkcve, F., and I. LCessirier. 163@
The determinatico cf the guarntity cf kiacetyl in
tutter
Lait 18:150~1%3

42404
42t relore, I., and J. Jeannin. Nc date
Untersuchurger uker fettsauren. Verkaltnis
zwischen clemiscler kcnstituticr wna
€xperimentellen schadigurgen
CcEpt. Fend. Soc. Eiol. S€:7(C~-7C:

52140
426 TLement'eva, M.I1., T.I. Naurcva, V.E. Shefter,
G.S. Fedcherkc, K.A. Frckcpenkc, and Pr.¥V.
Vasilevskaya. 1S€4
Chrcmatcgrapghic analysis of certair hvdrocartcrs
and oxygen-ccrtairing ccrpcunds

Gaz. Khrcematcgr., Akad. Bauk S.S.S.E., Tr. Vtcrci

Vses. Konf,., Mcsccw 15€62:140-149

50778
427 TLeweter. 154%
Ciacetyl und kasecarcma
Suddtsch. Molk.-7Ztg. 7¢:1516-152¢

4z27¢
42€ rLemeyer, D., and H. Henderickx. 1964
Isclaticn ci some organic acids in the ETL€sence
cf pyruvic acid
Bull. Scc. Chim. Eelges TI(E-€):€15-€21

50630
429 [en Ferder, F.C. 1547
A rcutine methcd fcr the determinaticn cf
tiacetyl in Lutter
Neth. Milk Cairy J. 1:116-113

ECIEC
43C TLenschtschikcw, F.T., Ss.Ss. Fylkin, and a.Ju.
Shwirtljanskaja. 19€2
Eildung von diacetyl und acetoin tei der
VErgarvng vcm ltierwurze
Mikrckticlogie 31:140-14%

50183
431 CLenshchikcv, ®.1., S.S. Fylkin, and A. Yc.
Zhvirklyarckaya. 1962
Aldebyde fcrmaticn ip ccntinuous (teer)
ferrentaticr
Ti. Tsentr. Nauchn.-Issled. Inst. Pivcvarennci,
Eezalkcgcltrci Virpci Fres. 19€2¢9) s 14-1¢&

S0401
43z Lenshchikev, P.T., S.S. Fylkin, and A.Yu.
2bvirklyanskaya. 1962
Fcrmaticn cf diacetyl ané acetcin in trewing malt
ferxentaticr
Mikrckiclogiya 1(1):11:z-13¢

£2118
433 [Lerbes, Vincent J., and Fcster N. Martin. 155C
The effects cf acetaldebyde cn Ferfused lungs and
cCrcnary vessels
Southern Med, J. U3:16z-16%

£CSé
434 rerjakina, Je. 1954
Ler einfluss der takteriellen Zuzaamensetzung des
saureweckers fur tutter avf die bildung von
diacetyl
Milch-Industrie 15(¢1):3%

52207
435 Tescrcizilles, Jean. 1945
Vinegar
Rev. Agr. Maurice 24:235-240

42178
43€ reuel, Harry J., Jr., Ccrnelia Jchnstcn, Margaret
G. Morehouse, Hilda S. Rollman, and Rickard J.
Winzler. 1945
Ketosis. XXIV. Butyric acid acting as a precurscr
cf cartohydrate
J. Biol. Chem. 157:13%5-14¢

42249
437 Treuticke, Hans Joachim. 1924
Uber die bedeutung von ionen fur die
muskelfunktion., VII. Lie wirkunq verschiedener
crganischer anicnen auf den lactacidcgenwechsel
Z. Fhyscl. Chem. 141:196-224

50592
43€ TLevreux, A. 157¢
Fermentation in ccmicc-cylindrical tanks
Bull, l'asscc. Foyale Anc. Ftud. Brass. 1'Univ.
louvain 6€({1):1-17

52617
435 crhont, J.H. 1970
Systematic analysis cf organic arcmatic
substances in fruit juices
Voedingsniddelentechnclogie 1(20) :341-342

£2434
440 [i Giacomo, Angelo, and Guiseppe Fispoli. 1962
kethylheptenone in essence of lemcn cktained by
distillaticn
Eiv. Ital. Fssenze-Profumi Piante Gffic. 0ii.
Vegetali-Sapcni 44:610-612

42300
441 rickie, Nester, Yargaret I. Fcbinson, and Jules
Tuka. 13955
The role of alkaline Fhosphatase in intestinal
absorption. III. The effects of varicus fatty
acids on levels cf the enzyre in irtestinal mucosa
Can. J. Biochem. Fhysiol. 33;83-8¢

42433
442 Cickson, W.H., and M.J. Wilson. 1928
Weitere becktachtungen uber die motilitat des
menschlichen magens
J. Pharm. Exp. Therap. 34:65-72

42185
443 Diepair, W., and E. Schams. 19€C
Gas chrosmatcgraphy in focd analysis. T.
Determination of the lower, volatile fatty acids
in focds

Z. lebensm.-Unters. -~Forsch, 112:4S7-463

42235
4494 rCierssen, G.hA., K. Holtegaard, Borce Jensen, and
Knut Kosen. 1956
Volatile carboxylic acids in molasses and their
inhibitory acticn cn fermentaticn
Int. Sugar J. 58:35-39

48701
445 pietrich, E., E. lederer, H. Winter, and M. Stoll.
1964
Flavors. XI. Cccca flavor. 1 {French}
Helv. Chim. Acta 47(6):15€1-15%0

49164
446 rtilanjan, 2. Ch. 1970
Role of starter cultures in the manufacture of
different hard cheese varieties {In *Proceedings
cf a conference cn cheese technclcgy?)
Syrotech-70 (zbornik) pp. 26-40
42045
447 rTilanyan, 2. Kh., and G. F. Genich. 1970
Acumulation of flavour and aromatic compounds in
Ukrainian cheese
Molochnaya Erom-st. 31(10):15-1¢
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448 Triwmick, K.F. and E. Makowver. 155¢
Vclatile flavcr cf strawterry essence. I.
Identification of the cartcnyls and certainp lcw
toiling sukstances
Focd Techncl. 10(Z):73-7%

5€276 !
449 Limick, K.F., and Eenjamin Makcuer. 1556
Vclatile flaver c¢f stravberry essence. I.
Identification cf the cartcnyls and certair low
toiling sulstances
Fccd Techncl. 10(2):72-7¢

42354
450 [Limick, Faul Slaytcn. 19€%

Cistrituticn cf fatty acids in f(ccw) milk fat
triglycerides with special reference tc Lutyric
acid

Ciss. dbstr. 25(11):€132-€13:3

49531
451 crCiwitrcva, E., V. Staikov, and G. Zclctcvich.
145¢€
Pelargonium rcscus in Bulgaria (Fussian)
Ccspt. Bend. Acad. Eulg. Sci. 8:33-3€

04232
452 T[Lirscherl, Wilbels, and Heinricl Wiesener. 1950
2ur frage der kiclcgischen wsirkung des acetcins
und verwandter algpha~cxyketcoe
Z. Eicl. (Ecaor) 103:167-17¢€

4523¢
453 [Littrich, H.H. 19€¢€
Cie action-synthese der hefe Lei anaeroksaerckt-
wechsel und NE4+-zusatz. (Acetcin synthesis by
yeast cn the chacrce frem araerckic to aerobic
ccnditions and on addition of NEU4+)
Arch. Mikrckicl. €3(1):€3-€$§

4GCSE
454 Trittrich, H.B., and E. Rermer. 1564
The lactic acid flavor in wine caused by diacetyl
and its rescval
Wein Giss. 19(11):52€6-53¢

52€02
455 [Littrich, B.E., and S. Gengsakdi. 15€S

Urkehrung des krenmztrauvbensavresacetaldehyd-
verhaltnisses tei der vergarunc von traukenmcst
in athancigkeit vecn der zuckerkcnzentraticn.
(Feversicn cf the pyruvic aciésacetyldelyde
ratic in the case cf fermentaticn of grape must
depending on the sugar concentraticn)

2. Letensmittelunters. Pcrsch. 139(€) :345-34¢8

4210¢
456 LCizcn, F.E., J. F. de Man, and F. H. Wood. 15€S
Eroduction c¢f vclatile acids duricg Chedda:r
cheese ripernirg
Car. Inst. Focd Technol. J. 2(3):127-131

£2023
457 TLaitriev, M.T., and N.A. Ritrcsskii. 19€¢
Icnizaticn-chrcwatcgraphic determinaticn of some
crganic substances
Gig. Sanit. 34 (1C):€9-74

4z124
458 T[Lcelle, Hcrst W. 1969
Gas chromatcgraphic separaticn and determiratice

cf wicrccuantities of C1-7 tranched and straight-

chain saturated fatty acids
J. Chrcmatcgr. 39(4);39&~-4C¢€

50034
453 [cerr, Fckert C., and A.E. Wassersar, and Ralter
Fiddler. 1966
Ccrpesiticn cf hickecry sawdust secke. Icw-tciling
ccnstituerts
J. Agric. Food. Chem. 14(€):z€€2~€€E

52779
4EC Coberty Researck Cc., Bew Ycrk. 1928
Geruchsvertesserung vcn iscprepylalkchcl
A. Fat. 1,¢692,€6€Zz issued Ncv. 20, 1928

50246
461 TLoiezalek, J. 1951
Vliivy pusobici na cktsah diacetylu v maslarske
kulture. (Factors affecting the diacetyl content
of butter cultures)
Sb. Cesk. Akad. Zemed. 24 (1/5):355-3¢E€

49047
462 ©Doisy, E.A., Jr., and W.W. Westerfeld. 1943
Belationship c¢f acetcin to metabclic acetylations
J. Eiol. Chem. 149:229-236

52644
463 Cclezalek, J., and I. Hcza. 1969
Influence of the Fenicillium roqueforti strains
cn the changes in fat during the rifening of
Riva cheese
Sb. Vys. Sk. Chem.-Technol. Praze, E-Fotraviny
24:33-45

52697
464 Dolezalek, J., and I. Hoza. 1969

Effect of Fenicillium roqueforti cn wilk fat. II.
Effect of strains or Fenicillium rcqueforti on
the formaticn of aldehydes and 2-ketones in the
Czapek-~Dox liquid medium with fat

St. Vys. Sk. Chem.-Technol. Praze, E-Fctraviny

26:45-50

50134
465 [rolezalek, Jiri. 1851
Influences acting on the content of diacetyl in
the butter culture
hAkad. Zemed. 24:355-366

S0446
466 Dclezalek, Jiri. 1952
The formaticn cf kiacetyl in cream, Lutter, and
cheese
Sk. Cesk. Akad. Zemed. 25:429-440

£0959
467 Colezalek, Jiri. 1952
Die anreicherung der kunstlichen fette mit
diacetyl durch adaptierte bakterien
der pmilchsauregarung in der praxis
Sk. Cesk. Akad. Zewed. 25:237-242

50856
46€ Dolezalek, Jiri. 1954
Cie mikroflora in kutterkulturen
Sk. Cesk. Akad. Zemed. Ved, Rada A 27:267-280

2154
469 Dolezalek, Jiri, and Jarwila Brakcova. 1965
Methyl ketones in the course of ripening of blue-
veined cheese (Czech.)
Sk. Vys. Sk. Chem.-Technol. Praze, Fctravinm.
Techncl. 8(2):1%87-208

52241
470 [Lclezalek, Jiri, and Zdenka Hcrakcva. 1966
Effect cf treatment of Niva cheese c¢n methyl
ketone formaticn
Sb. Vys. Sk. Chem.-Technol. Praze, Ectravin.
Techncl. 13:23-29

50593
477 TColin, M.I. 1955
Ciacetyl oxidaticn by Streptococcus faecalis, a
lipoic acid dependent reaction
Jd. Bact. 69(1):S1-5¢

£o01e8
472 Dcrnseifer, Theodore P., and John 1. Powers. 1963
Changes in the vclatile carbonyls cf pctato chips
during storage
Focd Technol. 17(10):118-120

50207
473 rCornseifer, Thecdcre E., Sun C. Kim, Flizabeth S.
Keith, and John J. Powers. 1965
Effect of moisture level cn vclatile carbonyls in
ccttonseed oil heated to 210
J. BMm. Cil Chem. Scc. 4#2(12):1073-1075
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474 cowden, Eokky F., and Harry J. Eennett. 1%€5
Toxicity of selecteé chewicals tc certain arimals
J. Water Eclut. Ccntrol Fed. 37(S):13C8-131¢€

42517
475 rLowney, William K., Eichard Finkarx #urghy, and
Partin K. Recgh, 197¢
Separation of fatty acids, ptcsphclipids, and
chlcrcplast piguerts cn  Sephadex LE~Z0
J. Chrcmatcgr. 46(1):120-124

4EETE
476 Trrawert, F., 2. Fapp, and C. Eachkmann. 1S€z
Gas-chromatograpkic analysis c¢f arcea ccmpcunds
and alcckcls cf fruits (German)
Int. Fruchbtsaft-Unicn, Eer. Kkiss.-Tech. Kcrz.
4:235-242

£CC1E
477 Iress, B., G. Faervald, and H.J. Niefind. 1S€¢
Gas chromatcgraphkic determinaticn cf diacetyl and
Z,3~pentaredicne in beer
Ecpnatsschr. Eray. z1(4):S€~-1CQ

£C€SS
47¢ rrews, B., G. Parwald, and H.-J. Niefind. 1969
Scre metatclic precducts of keer yeast and their
significance in fermentaticn tecknclcgy
Tect. C., FPaster Erew. adsscc. Am. €¢3):193-197

46C92
479 [Crews, E., BE. Specht., and G. Trenel., 15€7
Effect of ferventaticuo ccnditions and sterace
tize cn the ccntent cf acetoin, diacetyl, Z,3-
pentanedicne, and 2,3-kutaredicl
Mcnatsschi. Erav. 20 (Y4):14¢-1%5¢

45096
480 rrews, E., E. Specht, ané G. Tremel. 1S€E
Acetcin and its trapmsfcrmatico prcducts in teer
Erew. L[Lig. 41(Z):5€~6C

Sc18¢g
481 Crews, E., B. Specht, H.J. Celscher, and F.&.
1hverauf. 1962
Liacetyl in Leer
Pcoatsschr. Erav. 15(7):109-113

45C94
482 Lrews, E., E. Spect, G. Eaerwald, and G. 1Trenel.
1966
Diacetyl and acetcin determinaticn in keer
Mcratsschr. Brac. 15(2):34-3¢€

4zz34
483 TCreus, E. 1955
Eagper chrcmatcgraphy cf Liead and kaked gccds.
11. Cetersiraticn cf wvclatile acids
Erot Gelkack 9:45-47

4zGE1
484 TLCreyfus, Lucien. Nc date given
Uber saurevergiftung per rectus
Ccapt. Rend. Scc. Bicl. 83:136-138

50304
48% Iros, E., and E. Engel. 1570
Butter-flavcured salt
U.S. Fat. 3,476,572 issued in 157¢C

42287
4EE TLukcs, Eene J. 1§50
The effect cf organic acids on massalian tutercle
tacilli R
J. Exp. Med. $2:319-33;2

42064
487 fudzinski, Mnne F. 19€7
A spray seguence specific for the detecticn cf
free fatty acids
J. Chrcmatcgr. 31(2):560

£273¢€
486 TLuritz, Gilkert, and Edward E. Truitt, Jr. 19€4
3 rapid metbcd for the simultanecus determinaticn
cf acetaldebyde apd ethancl in blced using gas
chrcmatocraphy
C. J. sStud. 2lcchecl 25(3):49€6-510

52159
489 Cruritz, Gilbert, and Edward B. Truitt, Jr. 1966
Inpertance of acetaldehyde in the acticn of
ethanol on brain norepinephrine and 5-
hydroxytryptasine
Bicchem. Pharmacol. 15(6):711-721

52785
490 crutra, R.C., W.G. Jennings, and N.F. Tarassuk.
1959
Flavor compcunds frca ccmmercial evaporated milk
Pocd Fes. 24:688-695

52801
491 Czhanpoladyan, L.M., Kh.M. Khanamiryan, and Zh.X.
Torgomyan. 1971
Copper as a catalyst during vine distillaticn and
the maturing of the krandy
Vinodel., Vinograd. SSSR 31(2) :26-29

52275
492 tzhindzholiya, R.R., and N.T. Chikcvani. 1970
Changes in carbcnyl caompounds in tea during
storage (Fuss.)
Suktrop. Kul't. 1970(1) :55-58

4S5EY4
493 Eaton, A.G., F.E. Chidester, and N.K. Speicher.
1931
1be influence ci manganese iodide and ethyl
butyrate on rats furnished a vitamin A-free diet
Am. Naturalist 65(697):187-190

49124
484 Eberle, Fritz. 1944
A nev method for the detection and determination
cf acetylmethylcarbinol in wine vinegar
Leut. Essigind. 48:53-54

52542
49t Etihara, Kenkichi. 1955
Imgarting a buckwheat aroma to baked gocds
Jap. Pat. 1,831 iesued Mar. 19, 1955

50182
496 Eddy, B.P., PF. Ingram, and L.W. Mapson. 1954
Reduction cf debydroascorbic acid by Lacteria.
III. Enzysic activation of dehydroascorbic acid
Eicchem. J. 58:254-261

52860
487 Edson, Norman lcwther. 1936
kKetogenese - Antiketogenmese. III. Stcffwechsel
von aldehyder und dicarbonsauren
Bicchem. J. 30:1855-1861

42392
458 Ffthymiou, C. 1967
Major free fatty acids of Feta cheese
J. Lairy Sci. 50(%):20-24

42050

499 Ege, Rich. Nc date given

Untersuchungen uber die durchdringuncsfahigkeit
der anionen tei beruhrung wmit der membran der
rcten korperchen

Cospt. Rend. Soc. Biol. 91:779-7e1

50707
£00 ¥ggleton, P., S.R. Flsden, and Bancy Gough. 1943
The estimaticn of creatine and of diacetyl
Eicchem. J. 37(5) :526-529

42126
501 Egorov, I.N., and R.M. Abdullina. 1968
Effect of votatile fatty acids on the guality of
cheese during stcrage
¥cloch. Prom. 29(11):11-13

52245
$02 Kgyud, Laszlo G. 1967
Cell division: The effect of aldehydes, ketones
and alpha~keto aldehydes on tbe froliferation of
Escherichia ccli
Curr. Nod. Biol. 1{1):14-20
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503 EFichenberger-Favarcer, Christiane, and Fierre
Favarger. 1S€€
Bffect cf fasting on lifogenesis fros varicus
FLecursors
Helv. Fhysicl. Fharr. Acta 2€(3):325-330

£Z2€33
504 EFidlin, A.L. 1S€S
A method for tapnimg artifical protein skins for
sausage products (Russ.)
USSR Pat. 236,972 issued in 1969

4z31
€05 Ekwall, Per, and lars Sjckblcm. 1952
Butyric acid and lactic acid in aguecus soluticnms
as sclubilizers for carcinogenic hydrocarktons
Acta Chem. Scand. €:96-100

5217¢

506 El-Ghartawi, Kchamed I., and L.ER. Cugan, Jr. 1965

Steam-volatile cocmpcnents frcm freeze-dried beef
stored at rcom temperature
J. Focd Sci. 30(5):814-816

4€193
507 El-Hagarawy, I1.S., M.K. Tatoon, and I, Sirry.
157¢C
Effect of storage cf Lutter at different
temperatures cn scme cf its cherical
Alexandria J. Agric. Fes. 18(1) :75-7¢9

EIcierties

50313
508 Flv'cde, K.F., T.E. Ccrnseifer, E.S. Keith, and
J.J. Powers. 15€€
Effects cf pH and temperature on the carbonyls
and arcmas prcduced in heated aminc acié-sugar
nixtures
J. Poad Sci. 31(2):zct-358

49196
Z09 Fl'tsova, M.V. 1S5%7
The cheese rigpening grccess
Tr. Vclogodsk. Moloch. Imst. 19E7(3C):361-2€t

42190
€10 Flenma, J. 156€
Ccsparison of analytical methods for the
determinaticn cf volatile fatty acids,
particularly prcgicnic acid
%2. Tierphysiol. Tierenaehr. Futtermittelk.
21(6) :34E-35C

49244
€11 Elicn, L. 192€
Cie acetcintildung tei alkohclischer zuckergarung
Ned. Tijdschr. Hyg., Picrckicl. Serol. t:171-179

£C302
S12 Elliker, E.F. 1945
Effect of various Lacteria cn Liacetyl content
and flavcr cf tutter
J. Dairy Sci. 2£:93-102

50719
€43 Elliker, E.F., and B.E. Ecrrall. 1943
Effect cf grcwth cf Esevdcecnas putrefacierns on
diacetyl and flavcr cf tutter
J. Dairy Sci. 26(10):943-54S

4z39€¢
€14 Ellict, J. Purray, and John K. Lcosli. 1529
Felationship ¢f milk prcéuctice efficiency tc the
relative prcperticns cf
acids .
J. Dairy Sci. 42(5):843-84€

42320
515 Elsden, S.FE. 1946
The applicaticn of the silica gel fpartiticr
chrcratcgras tc the
acids
Bicchem. J. 40(2):252-25¢€

42391 .
516 Emery, R.S., C.K. Seith, and C.F. Huffman. 1956
The amcunts of short chain acids fcrmed during
rumen fermentaticr
J. Aniw. Sci. 15(3):854-8€Z

the rumen volatile fatty

estimaticn cf volatile fatty

52589

517 Enari, T.-M., V. Makinen, and A. Baikara. 1970

518

519

520

521

522

523

524

525

526

527

€28

529

530

The formaticn cf flavcur compcunds during
fermentation
Tech. Q., Master Prew. Assoc. Am. 7(1):11-15

48756
Engan, S. 1970
Wort composition and keer flavour. I. The
influence of some amino acids on the
formation of higher aliphatic alcohols and esters
J. Inst. Brew., 76 (3) :25u-261

52277
Fngan, Sigsund. 1970
Flavor of canned teer
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acetylmethylcarkircl
0.S. Fat. 3,359,1€6C issued Lec. 15, 1967
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Neth. Milk Dairy J. 8:19-2€

€C13¢
§3 Evenhuis, N., J. lerk, and H. Ercuwer. 1%€1
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Keth. Pilk Cairy J. S:110-11%

50436
S41 Fabricius, K.E. 1540
The manufacture and use cf rutter culture
Dairy Inds. S:18¢-1€0

50337
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Folarographic determination of diacetyl in butter-
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Norenzymatic browning in edible spray-dried whey.
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£61 Fidler, John Carter. 1933
Untersuchungen vkter zymase. IV. Cie ansawmlung
von zymaseprodukten in apteln Lteim altern
Ficchem. J. Z7:1€14-1621
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£6z Fidler, John Carter. 1934
Studies in zymasis. VI1. The estisaticn of the
ethyl alcohcl and acetaldetyde ccntent cf agples
Piochem. J. 2E(3):1107-1120
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Tr. Nauchn. Sessii leningr. Nauchbn.-Issled. Inst.
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4EELC
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Wolffersdorff. 1534
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74 Flavian, Nathalie, Anatole Saindelle, and Jean

lcuis Farrot. 1967

Cegranulaticn cf mesenteric mastccytes and
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Coept. Rend. Acad. Sci., Paris, Ser. T

Z6E(7):cE3-cc¢
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€75 Flavoring Fxtract Manufacturers Asscciation of
the United States. 1962
Supmary sheet for butter starter distillate
Cffice of Food Additives Committee, F.L. Hall
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576 Fleischmann, Livio. 1959
Acetylmethylcarbincl and 2,3-butyleneglycol in
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Chimica (Milan) 35:12-14
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Alexander Bell. 1969
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J. Food Sci. 34(5):419-422
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€78 Flury, Ferdinand, and Wolfgang Wirth. 1933
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Arch. Gewerbepathol. Gewerbehyg. 5:1-90
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€79 Food and Agriculture Organizaticn. 1966
ADI for man of some acids and bases
WHC Tech. Rep. Ser. 339, FAO Nutr. Meetings Rep.
Ser. 40, 9th Rep. Joint FAO/WHO ECFA p. 20
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580 Food and Agriculture Organizaticn. 1967
10th Report cf Joint FAC/WHO Fxpert Committee on
Food Additives p. 40
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281 Food and Agriculture Organization. 1968

Specifications for the identity of purity of food
additives and their toxicological evaluation:
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WHC Tech. Rep. Ser. 3€3, PAO Nutr. Meetings Rep.
Ser. 44, 11th Report pp 9-11, 13, 14
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€83 Food and Drug Research Laboratories, Inc. 1973
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Focd and Drug Fesearch Laboratories, Inc.,
Waverly rLivision, Waverly, New York
Contract No. FL2 71-260
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584 Food Frotection Committee. 1972
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Bational Academy of Sciences, National Research
Council, Washington, D.C.
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585 Food Protecticn Comaittee, Focd and Nutrition
Board. 1965
Chemcials Used in Focd Prccessing
National Academy of Sciences, Naticnal Research
Council, Washington, D.C. Publicaticn 1274
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586 Formachon, J.C.M., and B. Lloyd. 1$65
Bacterial production of diacetyl and acetoin in
wine
J. Sci. Food Agric. 16(12):710-716
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587 Forsander, Clcf A., Matti E. Billbom, and Kai o.
lindros. 19€9
Influence cf thyrcid functicn on the acetaldehyde
level cf tlccd and liver cf intact rats during
€thanol actabclisx
Acta Fharmacol. Toxicol. Z7(€) :410-41¢
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588 Forss, L.A., E.G. Pont, and W. Stark. 19%&¢
The velatile ccepcunds asscciated with oxidized
flavour in skim milk
J. Dairy Fes. 22(1):91-102

42270
589 Forss, C.A., W. Stark, and Gerda Urkach. 1567
Vclatile ccrpcunds in Lutter 0il., I. Lower-
toiling ccagounds
J. Cairy Bes. 38(2):131-13¢

£241:2
£9C Fcsdick, I.5., and J.C. Calandra. 1947
Effect cf scme chemicals on the rate cf acid
fcrmaticn ir saliva
J. Eental Fes. 26:3€9-317
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591 Fox, James F. 1558
Gas chrcmatcgraghic analysis of alcohol and
certain cther volatiles in ticlegical wmaterial
for forensic purpcses
Ercc. Soc. Exp. Eicl. Med. ST(1):23€-237

42003
592 Fraha, B. 1S6¢
Fat metatolise and editle fats
Vitalst. zivilisationskr. 13(63): €-11

Y4E€S52
593 Franciosi, A. 1571
Ceterrinaticn cf higher alcchel in krandy. 11.
Gas chrcmatcgraphic analysis
Boll. Iak. Chim. EFrcw. 2Z2{1):1-%

42273
€94 Fravendcrf, H. 1966
Gas chromatcgraphy cf free fatty acids. I. Trace
analysis cf fat preducts Ly gas chromatcgraphic
determinaticn cf free fatty acids from C:Z to c22
(German)
2. Apal. chem. 221:305-312

42203
595 Freixzo, J. 15¢%¢
Characteristics cf ccd lcw in =alt
Ccnservas Feive 13(152):18

S2€74
596 Freundt, ¥K.J. 1970
Cistrikution and metatclisx ct acetaldehyde in
Elccd (Gexrman)
Eeitr. Gerichtl. Med. 27:3€€6-372

52758
€97 Fridcvich, 1. 1S€€
The mechanisa c¢f the enzymatic cxidation of
aldehydes
J. Eiol. Chem. 241:3126-312¢
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598 Fritz, Bans, Edwirn Firnk, Maria Gethardt, Karl
Eochstrasser, and Eucen Werle. 156S
Identification cf lysine and arginine residues as
inhibitory centers of rrotease inhibitors with
the aid cf maleic anhydride and 2,3-butandione
Hcpre-Seyler's 2. Fhysicl. Ches. 3E0(€):933-S4y

52C79
599 Frosmsel, E. 1941
Toxicity, tcxicclcgy cf new gascline and
paraldebyde carkturetant due tc EI€sence
cf acetaldehyde
Verhandl. Vereins Schweiz. Ehysicl. 1941:3

€2161
600 Fujisaki, Masao, Soichi Arai, Norimasa Kirigaya,
and Yoshito Sakurai. 1965
Flaver ccmpcnents in scytean. I. aliphatic
carkonyl cospcunds
Agric. Eicl.. cChes. {Tckyc) 29(9):€55-863

£2360
601 Fukuda, Tosao. 1959
Vafpor-phase chromatography. II7. Effect of
support and of stationary liguid on relative
retention value
Eunseki Kagaku 8:627-630

52199
602 Fuleki, T., and J.J. David. 1963
Effect of tlanching, storage temperature, and
container atscsphere on acetaldehyde and alcohol
Eroduction and off-flaver formaticn in frozen
snap beans
Focd Technol. 17(10):101-104

52806
603 Fuller, C.H. 1938
Starke und alttackenwerden
Chem. Ind. (Londcn) 57:562-568

52040
604  Furchgott, Rcbert F., and Efhraim Shorr. 1946
Sources of energy for intestinal smecth muscle
contracticn
Ercc. Soc. Exp. Biol. Med. 61:280-z&¢

51094
605 Furia, T.E. (Ed.). 1972
Handbook of Focd Additives
Chkemical Rubber Company, Cleveland, Chic p. 948

51044
606 Gakriel, M.A. 1971
Metabolisw of acetoin in mammalian liver slices
and extracts. Interconversion witkh tutane-2,3-
diol and Liacetyl
Bicchea. J. 120:793-800

52423
607 Gaddis, A.M., F. Ellis, and G.T. Currie. 1966
Cartonyls in oxidizing fat. vITr. Fffect of the
Ecol and Klose method on monocarktcnyl precursors
in autoxidized lard
Jd. Am. Cil Chem. Soc. #43(3):147-15¢0

52291
€08 Gaivoronskaya, Z.I. 1969
Change in the level of tannins and acetaldehyde
and the activity of polyphenolcxidase in berries
during the ripening and Freserving cf grapes
{Eussian}
Vinodel. Vinograd. SSSR 29(7):37-39

50799
609 calanti, M.R.G. 1956
Beitrag zur untersuchung der diacetyl tildenden
milchenzyme. Trennung und bestimmurng der
fluchtigen C1-CS5-fettsauren durch
papierverteilungschrolatographie
Arch. Int. Physicl. Biochim. 64:534-535

50620
610 Gale, Glen R. 1961
Studies of enzyme kinetics. II. Inhitition of
pyruvic cartcxylase by certain analcgs of
FyYruvic acia :
Arch. Biochem. Biophys. 94:236-240

42408
611 Galesloot, Th. E. 1956
The cooperation between nitrate and xanthine
cxidase in the prevention of tutyric acid
fermentation in Dutch cheese
14th, Int. Dairy Congr., Rome, 1956
2{Ft. 2):845-854

50684
612 Galesloot, Th.E., and F. Hassing. 1962
Weitere untersuchungen uber den einfluss der
Jabreszeit auf das verhalten vcn saureveckern
Ned. Melk Zuiveltijdschr. 16:24-43

42449
613 Galoprini, Carlo, and Goffredo Lotti. 1966
Copposition of cow colostrus fat during lactation
(Italian)
Bic. Sci., Rend. Sez. B 4(4):511-520
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€14 Ganmassini, Dceenicc. 1935
Uber die gegenwart von acetaldehyd in lebewesen
Arch. Ist. Bicchix. Ital. 7:19-2¢

4z41€
615 Ganley, Cswvald B., and Harry J. Fokimson. 195§
Antianaphylactic and antiserctcnin activity cf a

cospcund cttained from eqg yclk, Eeanut oil, and

soykean lecittin
J. Allergy 30:415-419

50739
e 616 Garitaldi, J.A. 1570
Prcducticn cf acetcin ard diacetyl by the genus
salmcnella
Appl. Micrcticl. ZC:855-856

49269
€17 Garirc-Canina, E. 1933
2,3-Butylenglykcl und acetylmettylcarktinol in
wein und essig
Ann. Chis. Appl. Z3:14-2¢C

2415
€18 cartel, ®iltelx. 1960
Determinaticn of molytdenua in sust and wire
{Ger.)
Weinkerg Keller 7:373-379

HEEUY
619 Gary-Bcbc, Claude, and Fernard A. lindenterg.
1952
Therncdynamic concentration of hydrocarkons and
pelar derivatives at tke tireshcld cf threir
ghysiolagical action in fish
Ccmpt. Rend. 234:2111-2112

SCt81
620 Gary, B.C., R.E. Klausmeier, and R.C. Bard. 1954
Metakclic patterns cf nutriticnally
differentiated cell types cf Eacillus suttilis
Jd. Bact. 68:437-443

52605
621 Gascc, L., F. Barrera, and F. de 1la Cruz. 1970
Arcsa scdificaticn in irradiated fruit juices.
Evcluticn of carbonyl compcunds and volatile
alcohols in apple juice treated with varicus
doses cf gamma-rays
Fev. lgroguim. Iecmcl. Aliment: 10(1):105-116

£204¢
€22 Cautjer, F. 1928
Foiscning sith meta (acetaldehyde pregaraticn); 2
cases in ycung children
Bull. Soc. Fediat. Faris Z6:255-7%¢

52060
€23 Gautier, P., and R. Cclceb. 1926
Tcxicity, poisoning
Rev. Med. Suisse Rcx. 46:€611-813

4€79¢
€24 Gellhcrn, Alfred, Wwillias Eenjasin, and Prary
Wagner. 15¢é:z
The in vitrc inccrpcraticn cof acetate-1-C14 into
individual fatty acids of adifose tissue frcs
ycung and cld rats
J. Lirpid Fes. 3:314-319

4E€31
625 General Foods Corp. 1566
Gelatin-type -elly dessert mix
U.S. EFat. 3,2€4,114 issued Aug. Zz, 1S€6

52590
626 General Foods Corp. 1566
Seascning ccmpcsiticos
Brit. rat. 1,131,607 issued in 1S€¢

52554
€27 cGeneral Fcods Ccrp. 1570
Flavcur entancers
‘Brit. Fat. 1,203,51¢ issued ip 1570

$2419
628 Genevois, L., and J. Baraud. 1959
By-products froa the alcoholic fermentation-—
fusel o0il comgositicn
Inds. Aliment. Agric. 76:£37-8u4

49272
629 Genevois, Louis, Emile Peynaund, and Jean

Ribereau-Gaycn. 1948

Bilan des produits secondaires de 1la fermentation
alcoolique dans les vins rouges de la Gironde.
(Secondary products of alcoholic fermentation in
Gironde red wines)

Compt. Kend. Acad. Sci. (Faris) 226 (S) :839-441

48848
630 Gentilini, Luigi. 1947
Ethyl acetate and volatile acids in acid wines
Annu. Staz. Sper. Vitic. ¥nol. Ccneglianc
13(1) :2-8

52701
631 Gerasimenko, Vv.V. 1970
Chromatograghic alcchcl determinaticn in co2
Froduced during fermentation {Russian)
Fermentn. Spirt. Prom-st. 36 (8) :24-27

50346
632 Gerhardt, C. 1931
Biacetyl and butter aroma
Seifensieder-ztg. 58:792-794

50843
633 Gerhardt, Ctto. 1934
Liacetyl und andere aromen mit butterduft
Seifensieder-Zeitung 61:113-114, 131-132

423507
634 Gerlsaa, S.Y. 1970
Gelatinizing temperatures of starch, as affected
ky polyhydric and sonohydric alcohcels, phenols,
carboxylic acids, and scme other additives
Staerke 22(1):3-9

50555
635 Giannone, L., and M. Tommasicchio. 1969
A search for a chemical method in Flace of the
Howard method for tcmato produocts
Ind. Caonserve 44(1y:21-24

48729
636 Gianturco, V.M., A.S. Giammarino, and P. Friedel.
1966
Volatile ccnstituents of ccffee
Nature 210 (5043):1358

50765
637 Gibschmann, M.R. 1938
Ontersuchung biochemischer eigenschaften von
verschiedenen rassen
wilchsaurestreptokokken. II. Mitt.
Microbiologie 7:875-897

42144
€38 CGimemo, Alvarc I., J.L. lacuara, M.F. Gimeno, and
E.A. Savino. 196%

Effects of moncsaccharides, acetate, butyrate,
lactate, and pyruvate on the develcped tension
of isclated rat atria

Brcc. Soc. Exp. Biol. Med. 130(4):1033-1041

42131
639 Ginieis, and Corler. 1935
Eutyric acid ccntent of wmilk
Corpt. Rend. Acad. Agric. Fr. 21:123€-1237

525C5
640 Ginsburg, A.R., and A.C. Gavrikcva. 1947
Cencerning the mechanism of inhibiticn ky
acetaldehyde of oxidation reactions catalyzed by
Fyridine froteins
Biokhimiia 12(5):406-420

50176
641 Girginov, T. 1957
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compcunds produced during the cccking cf herring
J. Sci. Food agric. 18¢5)s25C-2¢2
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870 Hubnstcck, K., and H. Weicker. 1560
The gquantitative detersinaticn of serus lirides
by thin film chromatography :
Klin. Wochschr. 3€:1245-125C
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871 EBulck, Apn A., ard M.I. Fields. 196
Acetylmethylcartincl as a ctemical index te¢ the
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Fccd Technol. 16411) 2 1733-1734
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® 872 pullin, BR.P., and H. Hassall. 1962
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Bicchem. J. 83:298-303
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The effect of thiamin deficiency produced by
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C¢- J. Stud. Alcohol 15(2) : 189-206
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874 Hultin, H.C., and B.E. Proctor. 1S9¢1
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Focd Technol. 15:440-444
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875 Pultin, Herkert oO. 1962
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- Food Sci. 27:42¢-429
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42459
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W. Pence. 1960
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Anal. Chem. 32:682-684

€1074
* 878 Funziker, G.F. 1940
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Putlished ty tte auther, LaGrange, I11.
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BRapid method of saponification of milk fat and
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Nature 212 (5070):1614-1615
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880 Huyghebaert, A., and H. Hendrickx. 1970
Analysis of the Reichert-Meissl fraction of
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35(1) :83-395
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1968

Cultivation of sour cream cultures at low
temperature, and the effect of such cultivation
on the fermenting activity and formation of
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Prum. Potravin. 19(12):644-647

422¢¢
882 Hyman, L.H. 1925
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Effect of tartrate cn tte Betarclise cf fatty
acids and keto acids
Seikagaku 32:297-3C¢€
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Absence of diacetyl in fersenting wert
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Mechanisa of diacetyl formation in Lkeer
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1V. The effects cf the ratic cf defatted soykeans
to toasted wheat on the growth and metatclissz of
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Hakkc Kogaku Zasshi 4S(t1) :1015-1¢z2
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897 1Issenberg, Fhillip, and Emily L. Nick. 165€3
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J. Agric. Feod Chem. 11 (1) 22-¢
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Die erregung der magensekretion durch applikation
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A®. J. Fhysiol. 67:124-140
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902 1Ivaida, M., &, Hayasawa, and 1. Isugo. 1966
Studies on the determination of the arcma
Compounds produced by Streptoccccus diacetilactis
Int. Dairy congr., Precc. 17th, Mupnich, 1966
43:1379-386
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903 Ivaida, 4., N, Watanuki, and 1. Tsugo. 1969
Studies on the aroma production of spore-forming
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J. Food Sci. Technol. 16(10):“58-@63
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904 TIwaida, Masahiro, and Tomokichi Tsugc. 1967
Letermination of acetcin in cottage cheese by the
diaminobenzidine method
Nippon Shokuhin Rogyo Gakkaishi 14(5):208-210
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905 Iwaida, Masahira, Chisei Shibuya, and Tomokichi
Tsugo. 1963
Colorimetric determination of diacetyl in cottage
cheese with diaminolenzidine
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906 Iwami, Teiji, Tadashi Suzuki, Ko Fujita, Masanori
Takahashi, Tadashi Kudo, and Ken Scne. 1969
Studies on acute experimental poisoning by
lacquer thinner in animals: 1
Hirosaki Med. J. 21(1) :139-150
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907 Iwvanska, Walentyna, and Bohdan Jaccrzynski. 197¢
Effect of the type of raw product and the
conditions of storage on the diacetyl level
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Rocz. Pantsw. Zakl. Hig. 21(3):311-31g

42428
908 TIwashita, Seishichi. 1959
Rancidity of miso. ITIT. Compositicns cf the
volatile acids of rancid miso and nocrmal amiso
Hakko Kogaku Zasshi 37:264-267
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909 Iwata, Naoki, Masaharu Morita, and Shizuyuki Gta.
1965

Rancid flavor of edible oils. I. Bancid flavor
cobponents of soybean oil {Japanese)
Yukagaku 14 (5) :241-246

42174
910 Iyer, Meena, T. Richardson, C.H. Amundson, and
R.C. Tripp. 1967
Hajer free fatty acids in Gouda Cheese
- Dairy Sci. 50(3):385
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S$11 J.E. Sietel Scns' Cc., Inc. 1964
Flavor control of beer and ale
U.s. Pat. 3,130,055 issued Apr. 2%, 1964
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912 Jackel, S.5. 1969
Fermentation flavours of white bread
Abstracts of Fapers. Am. Chem. Soc. 158:NICP 41
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$13  Jackel, 5.5. 1970
Iarroving white tread via flavcur aGditives
Bakery Erod. PMark. S(6):12¢0
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S$14  Jackscn, Harold . 15%¢€
Untersuchung des kasearcmas
Ferfur. Essent. Cil Fec. 49:256-25¢
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915 Jackson, F.E. 1G¢¢
Gas-liquigd Chrcratcgraphy cf velatile fatty acids
frew foramic tc valeric acid. II. The instability
cf silicene cil-fatty acid staticnary phases
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916 Jacok, J., and 6. Michaud. 16€2
Effects cf S-bydrcaytryptasine and of nicotine on
the hyrertensicns procuced (in dcgs) by -
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Arch. Int. Pharmaccdyn. 146:52-104
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Solvents fcr the flavor industry
Ad. Ferfum. Essent. 0il. Fev. 47(10) :53-59

S0€31
918 Jaccks, Morris E. 1946
‘Diketcne ccEpcnents cf tutter flavors
Am. Perfumer 4€(11):59, 61, €3
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916 Jaccts, Mcrris BE. 1947
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€231C
921 Jacctsen, Erik. 1950
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922 Jacctsen, ben F., Scctt E. Carr, and Tcha Sutardi.
1967
Apfetite requlaticn in the rurinant
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€23 Jacokson, Baricn, and Helen H. Kcehler. 1963
Comgonents of the flavor of laat
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$24 Jager, Hertert. 1%61
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EBericht uter eine einfacke mcglichkeit zur
vertesserunc des arcmas ip butter

Bilchwiss. Eer. 11:77-88
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92%¢ Jahmsen, Vilhelw J., and Gecrge B. Hcrn. 1965
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£2032
926 Jain, M.K., and N.E. Bindal. 156¢
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Indian J. rairy Sci. 21(1) :10-14
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927 Jases, Thcmas ¥., and Edvard S. Eear. 19€7
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Aa. Heart J. 74 (2):z43-25¢5
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928 Jares, Thaomas N., and Edward S. Bear. 1968
Cardiac effects of scae simple aliphatic aldehydes
J. Fharmacol. Exp. Ther. 163(2) :3C0-3cCe

50041
929 Jamotte, F. 1966
Becent tendencies in the technolcgy cf continuous
tutter production in Belgium

Int. Dairy Congr., Proc. 17th, Munich, 1966
3:75-82
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930 Janicek, Gustav, and Jiri Hrdlicka. 1964

Eiveissveranderungen vahrend thermischer ung
hydrothermischer prozesse. 5. Mitt. Beim
entbittern ven scjatohnen gebildete
carbcnylverbindungen

Sb. Vys. Sk. Cheas.~Technol. Praze, Ectravin.
Technol. 8:107-111

42249
931 Janke, Alexander, and Ferdinana Beran. 1933
Uber die sikroticide virkung ven corganischen
sauren und ihrea kupfersalzen. Ein beitrag zum
froblem des Zusammenhangs zwischen chemischer
konstitution unad aikrobicider wirkung
Arch. Mikroticl. 4:54-71

52728
932 Janke, Alexander, and Stephan Kropacsy. 1935
Uber die bestimmung des athylalkohols und seiner
oxydationsprcdukte in biologischen substraten
Eiochen. z. 278(1/2) :30-36

52807
933 Janke, Alexander, and Viktor Siedler. 1937

Eeitrage zur kenntnis der aceton-butanolgarung
Eiocchem. 2. 292:101-115

50747
® 934 Jarnefelt, J. 1953
Metabolism of acetoin (acetyllethylcartinol) and
diacetyl in liver tissue
Ann. Med. Exp. Biol. Fenn. 31:3768-3€4

50255
938 Jarnefelt, Johan. 1955
Studies on the enzymatic synthesis and breakdown
cf acetoin in the animal organisas

Ann. Acad. Sci. Penn. Ser. A. V. Med. Anthropol.
£7:7-78
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§36 Jaulmes, F. 1953
Assay of acetaldehyde in wine industries

Mises Point Chim. Anal. Pure Appl. Apal. Bromatol.
Ser. 1:53-73

52418
937 Jaulmes, P., and G. Hamelle. 1961
The determination of sulfite ijon (iodometrically)
and of aldehydes by the sulfite method
Ann. Fals. Expert. Chim. 54:338-346

52810
938 Jaumes, P., and P. Espezel. 1935
Die bestimaung des acetaldehyds in weinen und
epirituosen
Ann. Palsif. Fraudes 28:325-335
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939 Jendrassik, L., and H. Tangl. 1926

Beitrage zu einer pharmakologie der
konzentrationsanderungen. v.
Mitteilung: Ectentialvirkungen einiger alkohole
und aldehyde. (Pharmacology of ylteration
cf concentration of certain alcohols and
aldehydes)

Bicchem. z. 173(5/6) :393-1398
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$40 Jendrassik, L., and L. Antal. 1926
Beitrage zu einer pharaakologie der
konzentrationsnnderungen. Iv. mitt.
Uber .anionenwirkungen
Eicchem. Z. 171:296-306
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941 Jeney, Endre, and Titcr Zsclpai. 1956
Tukerculcstatic agents. I. Hydrazine derivatives,
carton acids, plenols, and quaternary asscnium
compounds and their irtermediates
Zentralbl. Eakt. Farasitenk., Att. I orig.
1€7:55-€u
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* 942 Jenper, P.M., B.C. Hagan, J.M. Taylor, E.L. Cook
and 0.G. Fitzlugh. 1964
Focd flavcrings and cospcunds of related
structure. I. Acute cral tcxicity.
Facd Ccsmet. Texiccl. 2:327-343

49533
943 Jenner, P.M., E.C. Hagan, Jean P. Taylor, E.lL.
Cook, and C.G. Fitzhugh. 1¢64
Food flavorings and ccegpcunds cf related
structure. I. Acute cral tcyicity
Fccd Cosmet. Toxicol. Z(3):327-343

48731
S44 Jennings, Walter G. 1965
Influence cf temperature and salt addends cr
vapor equilikraticn cf headspace
J. Feccd Sci. 30(3):445-449
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945 Jensen, Fobert €., J. Sampugna, LCorothy I.
Carpenter, and E.E. Fitas. 1967
Structural analysis of triglyceride classes
cktained frca cow wmilk fat ty fracticnal
crystallizaticn
J. Fairy Sci. 50(¢2):231-234
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946 Jerveanis, J., and J. de Clerck. 1S€4
Leterminaticn c¢f diacetyl in beer. Comfpariscn of
existing methcds
Bull. Assoc. Foy. Anciens Etud. Erass. Univ.
Lcuvain 60(3):119-12€

£2102
S47 Jcels, N. 1¢64
The action of acetaldehyde cpn the chemcrecegtors
cf the carotid glcmus
J. Eicl. Chem. 23%:1C906-109%

2467
S4€ Jcels, N., and E. Neil. 19¢€3
Acticn of acetaldehyde cn the chemcreceptcrs cf
the cartid clcsus
J. FEhysicl. 1€8(1):234-237

42187
S4S Johnsen, C., and G. Hadland. 1960
Rarid determiration of kutyric acid and otler
volatile fatty acids in wilk, cheese, ard silage
ty circular parer Ckrcmatcgraphy
Meieriposten 49::29-241

49586
950 Jchnscn, Eirger L. 1528
Acceleraticn cf - lijase activity ty sukstances
containing vitamin a
Iowa State Coll. J. Sci. 2{z):14%-153

4231¢
951 Jchrsecn, Fckert E. 1956
The effects of the admipistraticp cf acetic,
rrcpicnic, and p-tutyric acide upcen the klood
gluccse and ketcne bcdy levels cf gcats
Ccrnell Vet. 45(3):273-ZES

42313
952 Jchoson, Fonald F., Burk A. Dekcrity, and crville
G. Bentley. 1558
Studies cn the in vitro rumer prccedure: Isrrcved
incculuw greraraticn and the effects of vclatile
fatty acids on cellulcse digesticn
Jd. Anim. Sci. 17(3):841-£5C
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982 Jcohnston, Williar R., and Charles M. Frey. 1938
Die fluchtiger lestandteile won Gerostetexr kaffee
J. Am. Chem. Soc. 6C:1624-1627
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954 Jones, D.D., and R.N. Greenshields. 1969
Volatile constituents of vinegar. I. Survey of
sose coammercially availahble malt vinegars
J. Inst. Brew., London 75(5):457-463

49182
955 Jones, D.D., and R.N. Greenshields. 1970
Yolatile constituents of vinegar. IY. Foramation '
cf volatiles in a commercial malt vinegar process
J. Inst. Brew, 76 (1) :55-60

49186
956 Jones, D.D., and R.K. Greenshields. 1970
Volatile constituents of vinegar. III. Formation
and origin of veolatiles in lakoratory
acetifications
J. Inst. Brew. 76(3):235-242

49188
957 Jones, D.D., and R.N. Greenshields. 1971
Volatile constituents of vinegar. IV. Formation
cf volatiles in the Prings process angd a
continuous grecess cf malt vinegar manufacture
d. Inst. Brew. 77(2):160-163

52408
958 Jones, L.A., and R.J. Monroe. 1965
Flash exchange method for quantitative gas
chromatographic analysis of aliptatic carbonyls
from their 2,8-dinitrorhenylhydrazcnes
Anal. Chem. 37(7):935-938

50584
958 Joshi, N.V., and C.S. Ram Ayyar. 1€Zé
An aroma-prcducing lactic acid crganism isolated
from Indian dairy products
Indian 3. vet. Sci. 6:141-150

52812
960 Joslyn, M.A. 1935
Vorlaufige Leobachtungen uber alterung und
stabilisierung von wein
Fruit Prod. J. Am. Vinegar Ind. 15:10~12

52808
961 Joslyn, M.A. 1938
Flektrolytische erzeugung des tyrischen
sherrvgeschmacks in dessertweinen
Ird. Eng. Chem. 30:5€8-577

52266
962 Joslyn, M.A., and C.L. Ccmar. 1938
Letermination of acetaldehyde in wines
Ind. Png. Chem., Anal. Ed. 10:364-366

52731
963 Joslyn, M.A., and C.L. Comar. 1941
Bole of acetaldehyde in red wines
«Ind. Eng. Chem. 33:919-928

52509
964 Joslyn, M.A., and J.J. Cavid. 1952
Acetaldehyde and alcohol in raw or (underblanched)
peas
Cuick Frozen Foods 15(4) :51-53, 151-152

50524
965 Joslyn, M.A., and R.G. Peterson. 1660
Feddening of white-onion tissue
J. Agric. Food Chem. £:72-76

52721
966 Joslyn, M.A., C.L. Bedford, and G.L. Marsh. 1938
Enzymaktivitat in gefrorenen vegetabilien.
Artischockenherzen
Ind. Eng. Chem. 30:10£8-1073

48832
967 Jourdan, 6. 1934
Atherische cle und extrakte fur genussmittel,
Ihre natur und ihre herstellung
Farfums ¥Fr.
10:350-353; 11:38-41, 64-68, 87-91, t14-118, 170-1

42348
968 Jowett, Maurice, and Juda Hirsch Cuastel. 1935
Studies in fat metabolism. T. The oxidation of

butyric, crotonic and beta-hydroxytutyric acids
in presence of guinea-pig liver slices. TI.
The oxidaticn of normal saturated fatty acids in
the presence c¢f liver slices. III. The formation
and treakdown of acetoacetic acid in animal
tissues
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970 Jupni, Ellict. 19%2
Mechanisn cf the formaticn cf acetcin Ly yeast
and wmaamalian tissue
J. Bicl. Chem. 155{Z):727-724

£0256
97t Juni, Elliot, and Gloria A. Heyr. 1956

4 cyclic pathsay fc1 the kacterial dissimilaticn
cf Z,3-butanediol, acetylmethylcartinol anpd
diacetyl. II. 1Tke synthesis cf
diacetylamethylcartincl fros diacetyl, a new
dipbosphctkiamin catalyzed reaction

J. Bact. 72(€):74€-753

50257
$72z Juni, Elliot, and Glcrjia A. Heym. 1956
Acylcin ccndensation reactions of FYruvic cxidase
J. Eiol. Chem. 218(1) :3€5-37¢

49127
973 Juni, Ellict, apd Glcria A. Beym. 1957

Cyclic pathway for the tracterial dissimilaticn cf
2,3-tkutarediocl, acetylaethylcarbinol, and
diacetyl. III1. cCcaparative study of 2,3-
butanediol hydrcgenases from various
microorganises

J. Bact. 74:757-767
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974 kahn, John E., Gcrdcn E. Nickcl, and Hukert A.
Ccnnexr. 1966
Apalysis of vinegar Ly gas-ligquid chrematcgragphy
- Agric. Fccd Cher. 14(5):4€60-4€S

4854¢
97¢ Kaip, %., and F. Eandicn. 1970

Gaschrcmatcgraphische untersuchung ven
spiritucsen. 1II. Uber die
ftakticnierte destillation und die ausgietigkeit
vah marillen~, apfel-, kirren- und
kirschtranden. (Gas chrcmatocraphic testing cf
spirits. ITI. Practicnal distillation and aroma
intensity cf agricot, arrle, pear and cterry
distillates)

Mitt.: Febe, Wein, Csttau Fruchteverwvert.

2C(5):378-391
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976 KaZukcwa, N.I., W.M. Eusuk, and N.N. Fersctina.
1937
Zor ckclcgie der arceatildenden Lakterien in
silchprcdukten

Micrcticlcgija (Bussia) €11):60-78

£2z98
977 ®aliterdec, L.M., and A.S. Vaalel. 1567
Cuantitative determinaticn cf lcwer clefin cxides
in their mixture with aldehydes by gas-liquid
chromatcgraghy (Russian)
Zh. Bnal. Khim. 2Z(10):1560-1592

52451
978 FKalinenko, F.A., and R.N. Waimustin. 1961
Gas-chrcmatograpkic analysis cf ccaplex mixtures
cf cxygenated ccspounds
Keftekhimiya 1:117-120

Y4EESE
979 Kamwi, T., S. Ctaishi, and S. Hayashi. 19¢€S

A study on the flavecur ccmpcments cf meat and
reat gprcducts. II. Icv-bciling compcunds in
tarrcew's sutcutanecus fat derct and fresh lean
Fcrk

J. Fac., Fist. Apim. Hust., Hircshisa OUniv.

8(2) :105-117

52022
980 Fawmi, Takayasu, Satoru Ctaishi, Shuichi Hayashi,
and Tamcn Matsvura. 1569
Lcu-bciling ccmpcunds of essential cil of
geraniuw species
Agric. Bicl. Chenm. (Tokyc) 33(4):5Cz-50%

501z4
$81 Kamibayashi, Akira, Makoto Miki, and Hideo Ono.

1961

Mnalysis of fermentation prcducts by gas
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48763
1305 ¥claughlin, Joseph, Jr., Jeam Fierre Marliac, M.

Jacqueline Verrett, Mary K. Mutchler, and O.
Garth Fitzhugh. 1963

The injection cf chemicals into the yolk sac of
fertile eqgs gricr to incubation as a toxicity
test

Toxicol. Appl. FEharmacol. 5(6):760-771
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Int. Cairy Congr., Froc.
3:401-4CS

1594

17th, Munich, 196¢€

EC40€
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Arch. Farmacol. Sper. 30:148-160

1£5¢

49206
Plahn, Otto. 153¢
Saurevecker und tutterarcma
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feterminaticn cf diacetyls (German)
Sb. Vys. Sk. Chem.-Technol. EFraze, Cddil Fak.
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fancidification of pastry. I. Rancidification of
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II. leucocyte changes
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Factors affecting the concentraticn of diacetyl
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Changes in tiacetyl and acetylaethylcarbincl
ccntents cf tutter at varicus temperatures
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Detecticn of biacetyl in edible fats
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1€38 Fugovkin, V.N. 1568
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Effect of alcohol content on cider quality (Russ.)
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Latvijas PSR 2inatnu Akad. Vestis 1965(3) :93-99

52136
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Volatile components cf tomatoes
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Bicchem. J. 27:1753-1762

52052
1646 Faby, K. 1949
Acetaldehyde, acetaldehydemia and
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Nord. Med. 42:1691-1693



£2C2€
1647 Gaty, K. 1956
Acetaldehyde, antalus (disvlfiras)-alcchol
reacticn (special reference tc rcle of klood
acetylaldehyde) ; summary cf clinical and
experimental investigaticns

. ,Qj‘wl

1

H pan. Pked. Eull. 3:1€8-171
b 4117
1648 Fadler, F. 196z
Formaticn cf acetcir and 2,3-kutanedione through
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analysis cf pcteptial flavecr ccumpcnents
J. Agric. Food Clher. B:141-143

. |

e 1652

cf peas

48732
1653 Ralls, Jack W., W.H. BcPadden, Fichard M.
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